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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
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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
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[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
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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 preferred
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
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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.
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[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 uC’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.
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[0030] FIG. 13 depicts a flow diagram illustrating a routine for providing a warning
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.
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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] "Optional" 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
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efﬁciérﬁ?f,cfo@aﬁ(ﬁsec 1AV £ Mk adpofielRo AMBiof\alre 6, aRBh @fierg$ Wahicles and
chi‘ps may al so be sensitive to high-energy particles

gamn‘?anlq HDE S EHuRS Seh&61calS mhRfialaSWhaPN ¥hit6H | gamana ey Sr
of X-rays and ganma rays, digital X-ray nmanmmography,

high GHMky 1Rkl GkeR RERY DI SiaBiSscRNPR PR Thip| clpardn alag move
accélerators. [0038] Pixilated chips may be used in a

into H@EbRENioRTbahdBOBe dRkeRl HoGidinp Gl diskighgr Potentabprobémibtadth the
to still or video canmeras, camera phones, webcans,

numt3E bEPORreySEPdftcleY iech ¥Rl @R, trdnffitdnt @ thampidehs Thus, Aigyer energy
combi nation of these. These inmage detectors nay be

photd?@S¥ay! Prolh&R, lafp@Rdhhrhber@Richdnd @ithidi the Giffested! ipgictsi dwing the
data, Interface with conputers easily, have

procézsdr ePdd@nale LghBREummRib andeheyolor ofherlight e ewrtemin|thamaserof
response to photon energy, high energy particles and

a higH ¥A¥By paKisle @ birtnas rdyl oticskkerteight pbisruadillyac €i ord pixels in size
materi al. When a photon, ganma ray, or

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
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ggﬁ?@j L%%Etﬁaﬂggraﬁifogc%gg mat 81 9EHCHAIY sGHAE UG oRBRY eironmental
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) / i . .
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Ion of a partftc for a pixel may depend

from l%lpeos%oﬁtgl%ogso{%%;of FESADE q&)‘i(@)@g i I@lﬁé@%ﬁ@ecgmlﬁy génglfaﬁ% £Rblve the

processi ng hni'ques may be used to tailof me doping

ejectl 510ff: altr:leaﬁphtaopagfaei @egﬁng‘lu‘éﬁ io@@)eﬁp&[’tﬁ:ﬁé Qkch&H oPpositron) with

O A
par ul"ar ‘energ ect fomagneti ¢ radiation.

energﬂig%%grea (gsbn% Me\/qi\/ﬁﬁ!oﬁ EWOIP@QI?S P1.%AGS %fgk)‘ GRMma ray photons

owever other options may al so be used,

may %%8 !Be %Iﬁ ol £8R tRe ﬂ;%ié:H? Eﬁe . Epontiteolt f2BayD with RSdrEPina8e range of

or the Fyrther, other_sen1conductor
abouz I%) REV A SSeral MEV,%ﬁéHaakn%’ onthd 1s68F HAMERN MUY, TBE ABdSukéMent

I con-onsapphire, and/or gall1um arsenide
f eaH PRIGAL 6 Y pERdHhe QLAY SvaiRl J@etiifidechhélogiboul d
ore epgndgrstg%gﬂ?haf pixgls ﬁ%yvbewélianed ?% aﬁgNkN
ar [oBY1] 3G GRKH #858 ABECtn@Whe ReksGRE WIRiphak @Bdradtdristitliof fp}iotons
[ 0040] Detecting radioactive material may invol ve

strikﬁlgrtﬁé ]ﬁgilatté?lrcﬁfé%r B 0¥hpRBABNiEYs. 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-

10
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as e result of high energy particles striking the

d?(# er or(eeergbodi?xéeﬁ aRoMEe JAsY BRkwdamlegsionanaidiationrioetion, a
ficiently long amount of time (e.g. for 3 or 4
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radiati on event may refer to an increase in
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excess of normal statistical fluctuations. [0042] If

1denti:t]>h Cof 9 b afpboxiRObbsittonObr A ceMBRktioNRAShese dTHyloation of the
is determned to be hazardous, an alert may

radiafdéh fop 'atsfnalﬁ SshrRYidGRRBA RaG Bk lapyfotiftlhd @i infkbitmges od fiugher

a networkaware |ayer. Optionally, advanced command,

reﬁn&p&t frked GRRIsHbsB@lchOMaged frunii e cam@rys. uGhé thbntaifedplume of

i ncluding a gradient search to |localize the source

radiatibr B b BBniEASE8edSor infiges Ofd coin@iwfromethé canmaras. Any of several

triangulation fromnultiple cameras, and stream al ert

diffeRBCoptinsteioh Grétesirgnabe dei useld vo dptirhiaé dignposttensof #Aoidentified

cameras with a fixed known position, the position of

radialibk€ sUBITE MR oMU Bintt R € thet Ro@por oy ittt ebthine roeghadstimate of the

a source or radioactive material. In addition, the

objed?9Sbdatiom H9f a @BRventionaD rettod xauwh canerzgslatiay  bethen eptimiaefion

in calculations to triangulate the |ocation of the

appr&a@ﬂdsoﬂw M€ beaisel. i &br 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 carriers 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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movﬁeﬂ 42402 S E MG Shat SWESbo@Se 8 hé QSRS RERYHAEAEHN
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of atit £REGDbI&s) bfa@%a&ivg@&ﬁéeoen&ﬁegno%@ihg Gloredsddiaithd rate, of Yeamiha

as the best estinmate of the radi oactive object's
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detectors that can produce charge carriers in response
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be used to provide radioactive detectors. Pixilated
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for security, transit andtraffic nonitoring.
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include J JJ ana CMOS caneras including pre-existing
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I magi ng processors. These detection devices may

may theRir6late lthis BforftRtinOlolkgdo@dr taninteqyrets tHerinfornaation and sounds an

operations center and, when conbined with firmwvare or

alargOf tware, may be used to determ ne whether one or nore

pi xel s have a charge or voltage corresponding to a

hi @b46] 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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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 emitted from a radioactive material may be used to

differentiate false detection from real detection.
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parti f 1, Ltfiard ﬁafm[s@&: I~dibiBSuitNSniRiNa G Eeriitted, 86t eRhrh S8, by Co-

ereas optical spectroscopy may often be photon

60, as tc&ﬁﬁ(a?&ll BRE- 138 A bRt inf2bd BEY bO Bnabfzed BB ISto AN the
each di screte wavel ength, gama rays have so nuch

resul% Q)? 4 Ydehﬁlﬁjdaﬁbrg dadmk X@unttmtlde%ﬁ@h)f R MiHRerfaPYbtAHRA fRin biedinager
Interacts with a pixilated imge detector nmay lead to

may Be Sdniatedlid 6BEd Head ?@@ieétbfé&@&orﬂﬁxh&hd‘ Rafid bEthe Fd detdéteu S the
energy spectrum of gamma rays enmitted froma

ener%yas‘iib&ﬁﬁlt 8 niAd HabctdMBdanhie: MSELRlatcResdi HafBful Batefihlen waming
'se detection fromreal detection.[0051] An energy

nmygpggkgun1for gamma rays striking pixels in an inager
may be obtained froman analysis of the inmage.

Rado 2] MurOgRcifieant i stilatel thei statigiian@grtifioance 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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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 simulations included: 1mm 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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eV = 165, 000 photo-el ectrons. However, only a portion
of the gamma ray's energy may betransferred to the
woise7ioased chi p. The MCNP nodel sinul ati ons nmayCTuga®sn06914
that the transfer of energy is significant. For
w1na§\?$,r‘gpd & vaadi® QudRMe RRGLEN RIOGUMERA riyninbhy?2 38y dRFAY. upou
w1l produce ~500 photoel ectrons ("counts") while a
materal0@be MY Shoufi@istinkd, RROMEWE @nd 2BRRINEOURYE. WhELER absolute
nunbers may be a lower limt of counts for detecting a
numi@2 P BahAY 185 dbB&Yd isN6wUge IRIGRGY saeReFhysintdy dchietdreery high
silicon part of the upper area of the pixilated chip.
signitibank® bbdati®! of thdinhigh REerpPhad tHeepearal Sighdtro\0Ethddg gamma rays
doping inpurities or other factors may nodify or
unig@NbarGetégee transfer of energy into the pixilated
chip. These counts nmay permt firmvare or software to
bejoossydt s QeasstabIt itd Yxpbéteha e 10WerMithie oPprécibion AL Ablemising the
whi ch the high energy ganma ray was deposited based on
enerdyN6f NYIBBE rHf theiOMRESts OMET tha ifnbige SVvalddbe theeSignal-@lNoise Ratio
counts or the nunber of photoel ectrons produced by a
(SNR)ITRe dodits f@lindivithial BReddby) OTHid wrBdsion May bé SpraxXiryiatél equal to
based on the charge or voltage produced by the one or
the sfidr@rdot ¥£ths cdutstab@cidet edthaidivdte] gamik eaydannon thedight-sensitive
[ 0053] When analyzing materials which potentially emt
chipdghe eicaB} fre@fi6H BieY bE whasd dscth€ndefigifity G enedgy (NB) divided by the
radi oacti ve sources, the system and net hods nay be

Enedd$ B, SO\BR Ak %Ri-) PEisdoh RBEGicE,he | evel of radioactive
sources in the material based on the amount of si gna

recei ved frogghpg#gggkpqugggﬂs_Tq@&%g&§yzvariations in
n

the anmount and type of” radi oactive sources, shielding,

th oégj‘%&&es mgg?%ag%aﬂﬁsregﬁt H%eﬁﬁe%l scjuﬁeé’?“e&ﬁodt rI‘Qec‘cror_lics, dark

enmtters are or dispersed in, the geonetric

currglit,selnrdi @iﬁgﬁ&p u&fertﬁﬁrtiytc;f Ghe sduﬂ:eacoﬁﬁtm&lsel\é&r @h&fﬁ%lsgf kd¥8-out

system and detectofs nay be used to characterize these

noisé ﬁﬁl\/ékllé'(? %ﬁ:dglfnintaﬁﬁ' RhnEd b g{}%ﬂli@io@]ﬁﬂea&é‘cﬁ&%cs‘:‘ Si1B&rd PRilated

sof twar e package he” expected count rate

imagd defbAdsk dnll OOALL QR hAE d5EyNIGFIQLIRRhGRES wer e
performed and it Wwas determ néd that a CCD detector

MBYp0RY BaL tukrSt TR 804 C_D 8f BRIOAIhRLY 1R spRficORRk] Yfially

materials. Contributions
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 rate
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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to source shielding are possible, and the simulations
included: I'nmlead shielding, selfattenuation within

woOheo7roasiisoact i ve source, two sheets of 1/8" thPCk/US2006/006914
steel, to represent a vehicle or a container's body

good Jgga{%{e LE%’ é)%%]gg g.‘e tdh t%fet b 9 & LAbE, Gl 23%1eb SRR W@l ¥fne-raic 1

ec OfMﬂHO ana a vapaol e di st ance

roughlpfyla etg ?fﬁ é‘{n g},er% ggrns]gctzi 35 at¥ aﬁlrﬁ REieht UsBE Wiledth cHiBt@Waﬂlll smay be

nce, geometry and shi el di ng.

neghg%:BXe fwaret 623 e%?é%? éil‘ﬁu B houRinad BF PR ghth# ey his

ganma rays may achi eve very

large g%ﬂ%t 1?1'3 rzalngulrg ANCHR %@Ht% Aftidibelahd ROk eReE Y YerRsindtide,

stghature o se ganmma rays uni que to the

enablii sot ope. . L. 0902k ol df rhdiod BaS VARR| RsfiR HHRAE fadlaliad ird e local
PORET T T 0

precision for determ ning the energy of

a
B

for a gg,ér r G rm? 1% yée? q}i‘dl 3 bas Qél SerRb18CthS COD FRMOS detectors do not

€qual to the square-root of the counts
need‘ia %%gc')la&%%e tthli‘gh' ﬂ%ybgﬁag&gam’m ray hits on the
Rt-Sensitive c e energy precision my be

I[}d()%&ﬁ@ho%—%o%%@nay %ﬁér&t@' i Yookt s1?ﬁlﬁ!’:agﬂ/ seER) oflhvibedl @t dayurity

DE/E. For strictly Poisson

came{a}s G c?cfei gﬁsulﬁﬁ%uggéﬁp Bk ﬁ)ﬁé‘alpﬁl#toﬁ QbaldShe expected to have an

( counts 6] Noise may typically result from

unceIItatn{tf 8n SRYE f&%’n dEt@ﬁrﬁna‘ﬁHﬁ o2 | Belok PRt 1/ (2E00K/2 cHI0r020] pr areh.

stica certalnty of the source counts

Lab ¥%§g§%héﬁ?e?n&§fb% AR Q@ bureREAOM a Niwcse ema 12y phot
ol UG ant Ty et erm ned by the quality of the . .

from eb%%ﬁ ??‘7 GS -be VR Qo@ld@hﬁr@t @6h i fRgeplitat |ebedisty a0fd~7% per
controllers typically have a very | ow | evel of noise.

spect[roggo?zcl fQﬁ{rg Céth L HostMRMioBtopesC2t @mitChAdtma magehave hinpltiple
fic value, usually expressed as the nunber of
enerﬁéseﬁlte ﬁﬁ’iﬂuc'e DBEraPhinR {pnﬂﬁl&aﬁ’&:}ﬁ%rve@ revaveitiagiese ewi ctimates.
accunul at e durlng an eXposure or Inage |ntegrat|0n

PEHOA -VaBRidh HmUME Bfkinben BN fgsmimaYrape Gamstrikt ehe dgertal 883 be

of whether |ight or ganmma rays that are transparent to
eliminf8d 84iRE §ih1REES nRMBdS) biid thegset dfanore than one detector may also be used
to account for these variations.

[0060] FIG. 2B iilustrates that astronomical software 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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chip. The total of such counts may depend upon the
rate and total integration tinme. The rate of
waccewrasati on may depend strongly on the CCD opCOSB06/006914
tenperature, where the rate may roughly double for
each i.ncr. e of 6-:10° R
o G AR ERR Sl a? et Tarh e Ry B soee oo

rK current up y, and therefore
hm“%%h%@%%?%%ﬁ%ﬁké%%%%$ﬂg§_ngzig1é? ﬁgylgét!ﬁsignificant
S iy’ PSR IS U BRCC et S
R AT MR il Sty e
e SR L
sk T2 4O, Tl 3 i s
o bR BT Mook ipcotel ottt scae o s
poiShANER | SR U300 QL Tt oo
s 958 ARLSSE i OEPM IR as e drom pgggio

the APl OdetRadtBYs BHENBHRL EndvBe th%h &é gRId bEaRly 60 theCRterfor.
nol se"for security canmeras. Mdel cal cul ati ons suggest

Thert:ilaﬁ:t, adihd sdEM &r}ﬁ%@&eyg@%ﬂicﬁﬁ m@&&etﬁltoﬁgh the fRRIVET vagw of a static
uncertainty in the energy determ nation of

pixil&ed {Rapk Bk &by (Skd FRP Y Mheldutnter OF Kigleneflly part¥és striking the light-
Laboratory nmeasurenents show the neasured counts for a

sensiQUVBip GRS likkYe SR HVER i ¥is B RbEe Mnbiaiiinsaetpdhdidartpositien (time
about 200 counts, with an inplied uncertainty of ~7%

= 0)RE kegARPBhO &P RhE mhP BédiaCs uribil MikesolRes thay R the &atapadield of
that  emt gamma rays have nultiple energies, the

Vk“wﬂhgugtggectral fingerprint may be preserved, even

with these error estimtes. [0059] Variation in the

NUGAEE] A 5hi 9B BmbR YR ek BAthaSE IchptBle! dTandlalpe64 04lsdTBY utllzed to

el Imnated using statistical nmethods, and the use of

idenfIBY tRe §dARR P ?ﬁ‘otgﬁst& GicBlendfBY paticies. DdovesREt 4fQ d@GCHL RhcH BMbut
t hese vari ati ons.

not limited to, being panned, rotating along a vertical axis, and tilting, 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 other transport vehicles are often outfitted

with security cameras, which may be used to detect radioactivity. Such cameras may also
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[0060] FIG 2B illustrates that astronom cal software
or other simlar software may be used to isolate,
waned7yzeisand/ or quantify detector signals whi cRCEMUSS®6/006914
in digital imge data from hi gh-energy particles
servezats rr!)\lfilﬁg get&&&s.l 9 ?L 'eﬁq%ﬁcﬁfn%ﬂty&e %tﬂs'tzﬁ 'sid-gg1 Bt ﬁ‘[yadah‘neféh %5/ erﬁgt be
ot's y result fromhigh energy gamma rays striking

. t [ he |l arge bright spots nay be stars
Slgm’%%ﬁ?%?i”?“ﬁ%@%%ﬁ' target for this inmage. It would

?Tj(t) 666??" gs?cﬂtg%lh SneliRe gﬁa:)%ﬁgtle detor Mhap BRLRE iRporfaRGhRAR N Gbout

. tting energy particles would produce

a radlogag'g ‘Ra‘&i‘ntap evdthare ﬁlfmnlaﬁ'(; Iﬁﬁ}; ReousARal wieh Egéiﬁ&agsgt&to?{‘é}e

may be used to detect, identity, and/or quantity me

used Fo%gt%%ean%'sthe?r SRAM,0 EOMQMnprQ{ %gﬁhﬁé EndYBIeQIsd b -integrate

I ng one or nore pixel based deteCtors capable

the oRutEde SR8 180G 0:E NBhAGHSth ! P LRSI BES §yrteBAddi fdiRs my
a

ving radioactive source emtting detectable

be neﬁ?ﬁkﬂgh&gct&@ roI' ba‘fllleﬁé iﬁr@%setﬁoﬂlﬂrct? V&R andih&:. Another advantage of

t-sensitive chip wwthin the pixilated i mage

the dgat)ﬁgts%emd ﬂ@(ﬂ&fs%aly%e bR abﬁtﬂth%etfw%!fm)@sfﬁng dbtBétéks or cameras
square. \Wen the thin square’is positione

in c1BRIREAMS W 3hd ¥ndter! h\@arﬁlQHff&_@ntQBle%esl SOfdtw&ks BF @ldnitoring
energy particles, the probability of the photon or

statidhb gxﬁgq{éeifsgd’ Paf tiaslph, $t bhdkidiGord iAlIN@E nYWnktbiiny §RNE Map be
may be neximzed. This phenonenon is referred to as

estabTiBhel BY Mihg thé -exibhsy REQRIRPInkekdsY 1104 radioRARE @6ured wétk @be carried
energy particle striking a pixel wthin the chip may

past R6 RARRIASepalife SAUAHLR NEHEL Sy BeOdtgdtet e eddh€itndgedfor Vanfua.
of the detector. Therefore, as the source of high

Trair[M8UsEY pﬁ?én%é@da&§p¢@lé%d/bﬁﬁﬂﬂ@!ﬂwﬁtﬁ @adidtioh dm@fing/mefétifd imoding
static pixilated i mage detector (See FIG 3), the

near Bﬂﬁiﬁh@ér rﬁiy IISH &Be(ﬁé’dﬁb ghovp@fatiatidreFosles Skhilg s¢effrios may apply for
i ghtsensitive chip may increase over tinme as the

peopfedi £RaifPlatfbitt, Hased opalicPOMNd] of idhidulap daffici ava bitipetmnmel. OWhere

in regard to the chip and may decrease until the
multRUdER i sre lig ptoxiiity @edneahethersitfrhal b @hsovbt@evtd éipe@ eachtto

20). [0062] A pixilated inage detector that is capable
haveQdf tiff©Vdrieg réspynsalsiilabén shapd iozthat showh deRiG.f3; tuhbavigudifferent

of photons or high energy particles. Mvenent of a
interdigitLrt 16dk, ofSyttlneas, depénding 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 determined. 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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not limted to, being panned, rotating along a
vertical axis, and tilting, rotating along a
wboaoi7agnisal axi s, may be able to perform a gradCems2006/006914
search, whereby the camera is rotated horizontally or
of radVGkdve Gl BB the BB VAR la pbs@@hChid A€ thudid LibiGEicu
way, one or nore pixilated i mage detectors may
I Jfy the location or track the novenent of the
po%n%qg pﬁé or high energy particles source. [0063] Buses,
f E{(})B(’é]qﬁ’ gehgrgl', 'ﬁ?@re %tyrﬁ’é nfod $hanObneObH)&% JfriafdeelO (Herson, car,
vehi cl es ofte

are n outfitted wwth security caneras,

packaé\(gI is&i'ﬂ:agg,a){tc.l?%l WS eidt &F \E&F 8fthe HaEHORtdWdvEY whEMEHe radioactive
aneras nay al soserve as roving detectors. In an

sourcE IRALL BN Ly Heeh €arfBS & thS h&l@ Taféral D@ 10RFEhAS MRS fRtorigmal
significantly thicker than that of cars. [0064]
surroﬁdhgo st H)%O]Hé ecatf ;ﬁcl&%&kglsﬁitdi&fs,e elcprwilleyo Whngeti Bein close
I nportant I'nformation about a radioactive naterial,
proxirg}ff B M0 LRidabtRIsBBLL, A9 1IBYatRLin RGN N@Y 2O BIG 24{B).t Tiesdetbre,
etectors are used together and their outputs are
as racﬁﬁ{m'qurgs ar &4 8P bh rsélﬁl@ﬁ[ﬁ ciRdtad) Greligadity 6f thetspgifitt abject
the output from several detectors. One advantage of
contalnil SH SELRS qEk BMRhATVe 3BtkcdRiah WdSonBYetRe catrumedi Beuential
det'ectorS or caneras in close proximty to one
detecBARHYEN seﬁéértqtcaﬁsraﬁﬂxuﬁ REIPIE clithinhtd @hedinf@deniseystasdest @mebinls
nmet hods may be the ability to network existing
from G63s6 WeRE Sd&Nifi6R AR RS sdufte CAfORE riticuctive inyitetial. Ofese sequential
anot her. Many different topol ogi es of networks of
detecHOMRinka9 alsd Gerdd BlsigiFRaitBtediRe bisdithindtofalsepasititeaietectivnene
version, nmultiple nonitoring stations may be
eqbe| FEhed by IS AP ilbeaexitsisiatgosthe tnificyat Caorembimry tifie
a radi oactive source were to be carried past these
perioﬂﬁ(ﬁ@(ﬂn@ (B). Ak alPmay aflitigloenemyanittEles 1Y tipe adatected dy
at each imager or canera. Trains, buses, passenger
CCDC& EMQEe apk@oranb/A0r deaaional28 A wis t iHustatid antcit olsteetmigt high gpnergy
mat eri al noving near an inmager nmay be expected to show
parti@les’ @gltted by hepruok isbwrce &l The deewion of dighnaryreamaitigies 42 by
people on a train platform buses on the road, or
detec¥d il 6Al nAy triggaf dni aterithataratdbé whgé td uigmbdeteciitdR@A taubeheyed by a
detectors are in proximty to one another, it may be
contoR@SHO tha ldirection ofthp @mtk. eRetbrtdrol16A 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 emiited 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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have a tine-series response simlar in shape to that

shown in FIG 3, but having different intensities or
woack/oafissynmet ry, dependi ng on the notion, speetusand006914

position of the source with respect to the inager.
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nmore t one O jeCt Of i nteres person car,

or sogl%éli'?sggnmb?éjfo{ £888ect&isfendl i N the field of view of the

However, when the radi oacti ve source has

ﬁ)\bﬁ%)eﬂjh gﬁxﬁ{%ﬁ rimg &ét&%r§ Qsehi 16 WK Ent@MBiofon drlergySdetection

sone t e original surroundi ng objects

may( &)%%ll@ to G odle 119 %%%&ﬁ sof ShdiktfoR SBShitoBAE Yited | duch @ameras can

| onger be in close proximity to the radioactive

samﬁ_]]% l{ﬁ&lel'oca@%dleltlloﬂ %ﬁ\tlﬁ)tnﬁfénﬂ nAﬁ:}l g&%reﬂs%(1ﬁ\)racﬁ6hdt1ﬁfy@n§-}468)denuﬁed

erefore, as radiation events are picked up by

verlﬁ&ﬂ USA tebRmumieIBS &S thel @R varil @fek dedcyofespdhee 5@ dri denters.  The
(0] JeCt Contalnlng or carrying t he radi oactive source

1deﬁﬂyoft¥§&%ﬁﬁls%£)$(9rbyctﬁ9§§§Es’iﬂ1 BRUcam3ed et dld| bed@tainicans. If a
by a series of canmeras may help to elimnate the

largé BORC Rl scDYStaad e @ity DocctRA] Gh@svel RITtduby Stndiehing nodes may
identified as the source of the radioactive nmaterial .

comh{¥88te HROMIMnt AtivAe1R6l panStinBhe ApidmagpivLaniddorecasting of the
significantly reduce or elimnate fal se-positive

spred@ beflilofitise d{0.6 The fatde-scld natlordrigGf rélibactivityind aleeiapabddity
state of the traffic at two arbitrary tine periods (A

may2Bél nfoB) widd-shiehl® s 4raasit ey otBed $eclritgbyeany gy ipaaliddcbed as the
422 that are detected by CCD or CMOS detector 416A;
Fed&igl Bighwiy ABRAsirgionlslimplemattetbnudtn thedidgehi ghwaiyghstemer gy
[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 transmitted 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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particles emtted by the truck source 412. The
detection of high energy particles 422 by detector
warexomsagitri gger an alert that can be used torPeT@sa06/006914
detector 420A to be noved by a controller in the
. direction of th 0 '
wbianfpleSil BB KR Pl AR lrph AR, SRuRARD GG
phﬁbggrtlcles 422 emtted by truck 412 to track the source
gf&gheﬂhlgh energy particles. In FIG 4B, detectors 4
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corriq ration on efected ;fdlatlpn, i ncrease
. Lok N L 7l helimager an
b R L o e e ma Chare ara
artifdcR@ @t tb PAmARSAYDT B st OBET £HEteBhatidn infayBNiadd & to0WRgther
security cameras may detect the sudden "appearance” of
artifats| iR GhO A de Uor® Qb ME rayshinfebcing with ttH@tbtedlor drt pi@yntOEIf no
possi bl e to uniquely identify the individual or source
artifdcBSRONSIREELHER bark € @hteaEDN, the gHdthe mhPinBhuekostep 944 and a
pi xi l'ated i mage detectors used for high energy photon
deteraARASY ST IRChh@NasBYwdHiY: Ith Rukittut Gmagenadiection. alf retifuas kre
of radiation nonitoring sites. Such caneras can sanple
prodtdd@i frorh OGfHmar ¢ iadet0fors Nid rQUINENhay AfyinhderiBase D20 where
radi oactivity may be identified, verified, and
addiSHAT M 628 EFhnie® of he afe@ nPiyctRttal@iE MY &BE 924, @ Sipensisatpanh®rbe
or centers. The identity of the radi oi sotope(s) by the

mad&¥Sth SMeAdhEanRER ferhibtyin dledmagdee ILhemmifictald adt peksistahe routine

| arge-scal e rel ease of radioactivity occurred,
may W@t ey ekp blte 1€ atigets pbisiRc hivemingthaogiem were detected may be
P p ng amays

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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communi cate the anbient activity level, permtting the

rapi d mappi ng and forecasting of the spread of
woadi7wasisi ve debris. The | arge-scal e noni t ori ngCofUS2006/006914

radioactivity and alert capability may be nore

rays in rs]tg? aﬁf@é dé‘g %hﬁa%@lp?lh§ p@hadd %fe]pllﬁ 65145 th WnSUSTARIFix@ pRscu

e Federal H ghway

all thcﬁ‘?eatﬁ Bl o icatt tgﬁg@ &?ﬁ?rgtré'}t {Nﬁmdé?efcte@n 1f fitielebts @RMot passed,

system he pi xilated i mage detection

the ne%é{ ?}%{E[%Hg%e fe%ﬁ&alfb%r 1F Qch Ydg AL paskedd iHRNBGAbA Qf‘th@%ﬂ(el may be

nd control protocols. Data collected by one

marké)({ orqgcﬁlgatéjdeénﬂgﬁéj[%&el Boht By 8atRREEd iR BEp 1 628N SIK ht:R PideDmay

propriate I nations” for action or storage.

then lé/éi LAl S fetdRR@tionCRNG &MetheP il AREpiRELs AR $hef i@fage have been
i tuatll ons that cut across facility, local, state,

evalu?tg 41]%5' fefpgﬁ&ﬁled 865113b. TERRARAAYIHHY ¥mERYo BE evaluated, such

IS manner. Common | nt er net protocols

i edat BaRRAR £IUSEEMIbOmU) B¥NYdia 6tep 1 GITRS toakbther
degﬁ%ygiaaglertgaata In real -fingl%n standar% PCs and

any ggqnlir r@?sswag Ritk&ed @ r‘@ﬂﬂﬁia?\asd QY [ 488a ralN SR deiesie&NBrdiRiyg hay
oyedubi qui tously wi support ftor |egacy

be 1SEJ%E NASlh UBLS ©hPwRESHE fouing @lal althfnats BCHME @efNiage may be
scai aoie platform [0071] Referring to FIG 9, a
evalddRlithod for detecting gamma radiation is described. In
step 908, a CCD or CMOS i nager may collect an inage of
ar{()@f [ &G VAl Y EPsmBbinfe dHahadthddfoothe Odgtioh 61 galimastgmsing a
2, any high energy particles, such as ganma rays
ccd &@M@B em&IRE ay seb 1204, adip atlyirdResTah @higalor contintdue imagie of
i mged nay strike t he i mager or one or nore pixels in
an alteg‘ 8r biBAEPy fhe @@kden ghapbcddf.t Thamiagbmminhevliecralge. in ktep § 1 @fpand
916, the inmage fromthe i nager nay be anal yzed for
anal@k 1 { e SmhFe0fdt Hrighlhe@ne il fadel CA dsternfimation xambe @ad¢ heto
charge may be determi ned for individual pixels of the
whethSB8gh éeElyOphotdne dr NEagmaneys becraniateyeédntibe doeger nilheot, a
the brightness of the pixels. The i nage may be
dete@ilAdtiod @thy fbe maab hent whethengadntiyuctaoguitimpigegesamdo stop the image
artifacts due to gamma rays. In step 932, a
collBB&E T Thif aéte@iinaniey ihE 2hatky rscotiinuesh entiler usar inpitde tnedg fe stop
the image from ganma rays interacting with the
collddgheadtar Ifaiigh @rayehdtond dr gaouma rays are detected, further image analysis

may be performed in step 1120. Once the image analysis is complete and the results
returned, a determination as to whether to continue the image collection may be made in step
1124.

[0074] Referring to FIG. 12, an embodiment of a 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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artifacts are produced fromgamma ray interaction, the

routine may continue to step 944 and a determ nation
wory7mesisade as to whether to continue image PCT/US2006/006914

collection. If artifacts are produced from gama ray

alert rrll ntb% rl%ﬁéafd qpl’lot,t tﬂ? mﬁ%glt ﬁq%ﬁbeqﬁs)fru%@ h‘f Sg%]bel AN) %Oh:oﬁé(ﬁ Bn &Zﬁ)uou'cu

ere additiona ges or franes the area may be

imagef./\haIlé? ﬂ'réz}ge?rhaztbg Qnﬁgz%d & AGLRS de Q@Edn‘ﬁﬁa PBY thREhaV8 fer@tedtvith

artitacts persist in the image. If the

the in%{gg; ggsge% %2,”? HePSlitdidh ’maty_rl% et dsNE wWiRhe! Sinthd) rdy® were

artifacts persist, a warning that gama

detecﬂé@%msthx\ﬁﬁage.d%%;%%drag@éfe B&edtSS HR Gmade St RPNB2& as a detection
I n no

I'ntensiv niftoring may be initiated. This may
event Iil{-]%iép?%‘l I Phetiuahd m%%nﬁﬁheoflf AdTRAR&rhid@ion@ahen be made in
arti

acts, evaluation of images from other caneras,
step ﬁ?@ RO er RABRRSE HRTE E@RctidnS SiH k) dhdfddiitd MBAtetumn to step
alerts, and/or other acts to identify the source.
12041 0072] FIG 10 refers to an enbodi nent of a nethod for
processing i mages taken by a still or video inmager. In

St[(?ﬁ F]]-QQ %}(&itlﬁﬂl‘(ﬁeoii JRB80d foP RRraGALEK AaiiByr D@t 18 OMsehtee th KIG.
atfile tformat for further processing and input into

13. WEDLY alhdh 8t &RestUL the rdiliBe AR @R vIde k&Y Snifindioticvia lstefll BT8.
using one or nore tests and conparisons to find

A de@flihdtRA bStol WheltRe1d fEREEn hddbnglamagy @ysis or Sheymdyditmadd in
determination nmay be made mstep lu/ u as to wnexner

step 1982 PipeRbitBRS SR4lysH ik rdgietddesdagiontlainayye ulag bettiatnad,e drindient
a ganma ray was detected. |If such tests are not

search 3% $RGmabd) @r RBNYsiPbX@I1tiPRYmbges @y detdfyetle sdukces uc bnalystapd
are passed, the location of the pixel nay be marked or

comﬂaﬂgﬂn(iﬁﬁlﬁ@eﬁ RdmtHatipl ¥etct6:6 Wi tscaiming keleietton(Hastbet analyss,ep a
1028. The next pixel may then be evaluated. A

combIi6h BT Aadel Ay WSpekforniddeih hep 1a1d. Aldetephixaion may Helmsade based
i mage have been eval uated nmay be performed in step

on thé@3Aysid dnd aelditd fromatep 0B Kedsso mdwthbmio tontinee G ahalztie dIf so, step
such pixels my be evaluated. Otherw se, a

131604y ricpaitddomd nayitibeal imaes aml ot aplyid 3dyds dbtrinddetlfapt, the
any gamma rays were detected in the i mages. |If ganma

routih&msy tegiratelet ect ed, a warning may be issued in step
1040. O herwi se, the routine may term nate or the next
i Y] FEY. be ibwahtaateshn-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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[0073] FIG 11 is an enbodinent of a nethod for the
detection of gamma rays using a CCD or CMOS imager. In
webkep/0t4B84, a user may request an i mage or CONPCIWSABG6/006914
i mging of an area or objects by the imager may occur.
remoy.}g éé)cqgg esrtatirgﬁyus? %l L %%sg% ‘]ﬁ%sié%é ? %a%% &/%Qe% %P dot}ﬁarll zjnytﬁoeds of
cmngﬁ&gﬁgﬁnatlon may be nade as to mhether hlgh energy
p ons or ganma rays were detected in the image. |f

72 T‘ﬂg gﬁ{eﬂ] ﬁ‘lﬁgﬂa% iBG. ti@ F(E?'ql?chﬁ@ atcg%m ?k@@sﬁmg Bnit (CPU)

cquiring I mages or to stop t

1420094\/&&050 ggﬁoncim% %‘gﬂﬁéﬁé@ ﬂgﬂg 'rgﬂi $rﬂ%é1él’ 8“@01@1? or any suitable

cont I"nued “unt i‘nput I

electfild gtg{ag{:‘?%%%? coh{a]un[ﬁ{gg pra%&%&x o‘&l}Bfeoﬂétn?c“uo&a & megtlon

are urt ge anal ysi's may be per

valués ranld a%ct]:%%eng}g ?R%% Eﬂga’(ggatégﬂ (%S‘Jn s{lﬁab?eo&% gﬁr i dThe

the results ret ern1nat|o as to

t R R
contl%ﬁa rhe@t’fgc(e):%vg]@lghﬁ ? grgxglfaﬁlahtgtgtof 28 vf&yl ﬂ%}]srfg gidtlﬂ nél?](tﬁptgd Imager

or déf&:'icl?ggas&@ rco@mai %Stlaﬁleﬁg ofRadd naﬁg aeéctb}sl Mt d-ak %gn ow%hmle

met hod may include flagging t I mage’ as one where

The ﬁxgggg?mé &t 1986 ﬁl%‘t)/ bQﬁ‘se@\f@EHntrmﬁe %ﬁhﬁ&g £/t Bf thé Qefhsors a

, a determhation In step as to whet her

v1ewsféf(én| W Bt sefNapD Gha/Bf aéc@%gﬁﬁ Jﬁ%ﬁ? ﬁ@ﬁﬁtlf}ﬁ Q(QQ? q}roinofhe Sensors

det ect’ed radi afi on e nmde. so, an alarm

dete@6:8! Bl colB1ePBia) §§é{§ﬁect4dfto Qlﬂnputtcﬁ%cé (REESucHBYa BSboard. The
instructed in Step ZzZzUu 10 coiieci an auui uuiuu I mage.

contrbf& inﬁ'ﬁ%rf&ﬂy da AARIsKZ&dsdn@r infikrhitfoR Chrém ditEectRs 93 MMBentral
rays that have interacted with the imger. In step

procdsddg uni@ 14081 @ff¥iiaioh FdnBY sBRoNBRS 18 PrdviieWIBENE 1o 4360 R ing
rays were detected in the inmage. If gamma rays are

statiSHESr AEHEM 2 tah@nittoFRIge4 Y kdenflagged as a detection
event in step 1204 and the routine may continue. If

Nofo078) FUE! B h&adticaly IMyirdidd@ne BEmORMB N 534, 8RovhRIZ4 58 and
to whether to continue imge collection. Ri so, the

1556, QuinioBRe MRIL &Edidsrh dach ShaRy 220D of AMEF dBrcxaby, @ndfeach
a method for generating an alarmor alert is

capableloD&digcah@iigh enekdyPhotons 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
control 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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13. Were an alarmis requested, the routine may

provide a warning indication in step 1308. A
wdeb@EroTssat i on as to whether to perform additi 80aiUs2006/006914

|wage anaIyS|s or scans may be nade in step 1312. |f

may %gﬁtlggte(g g(} %‘?%??? 81¥ r%‘e ic rp g{cﬁg W=k %ge ﬁlaglgi' % dbl@BER Senses

I ent searc e I mage, or

energgtﬁaP%’gc}lgs l%vaglrgm L LLRLS w1 IIRGRS ot Boﬂegﬁgﬁ{e{ﬁm&h Encr QM Wafdow® lor

arison of I nage rommul tiple
above F t Te hoﬁ amg SCHN E{Qﬁat@d q‘l%{:\’&%?l% %aglsl)nom&} hed nﬂ)@&héﬁﬁ'(ﬁ' » the
Phat |on of ese nmay be perforned in step
radlo ¢ sourcematt gr{n nation nay be made based on the ,
El 5 I'sand results fromstep 1316 as to whether to

Cg@esjgp g%n glo‘:i\sgngXSs b2 aLlEI’ £Odetétt @Rin 1535, Ma¥ie RBIculations and

| Onal I'mages and or analysis may be

examgfégn tﬁ' 4915?1:]]>sfurer11% l%asédqc?n 17945 lmc}m&ﬁp&%ﬁ 1 @@%@ 1s h&0 dfficult to

ustra non-Timting exanple of an

detec?pﬁgrsglt\/? s t : ulcgeeIoeﬁlgl Eﬁlog@ifmjaofr A&t S nfsgléi’éﬁl@based on

erra xi | at'ed detector. The apparat us

semicon uclt&cljtnﬁigr?alsawﬁ%ttﬁg b %agcetih@ Mo §6SdeME on a pixel is

Ion or | mages froma detector 1408, may

propérﬂp a? ik ehé}% bEGE i Rent Mni'r?a)!/ REdueQBY thé sBercelSLehdfafon.

con the venent or 1e poSition of the detector

A]thé]u#?%he Exald fe@'a}{@ baldfdAfbniBKcib&aUsReh 10 Yaddn U-235, the system,
structi ns to the controller. The receiver may

methoﬁEC !aH&j\%gR?MS sy BOLsddl 3 iRAddiRtio ok 8iRAREyY phalohe from any
or  a conputer. Atransmtter 1424 nmay be

radloldgtﬁ/g hferE Bt %El%oe§ ARBESdecR. TREE COTE 4H@NSMOS imager devices
anot herrenotely located station using cables, phone

havel el ﬂﬁéﬂ' dsA6lisO tVAEeBiciddtt pAbIaR enéiRy.h OMEile0U-236 MiayNbe asedis. an
[0077] The systemillustrated in FIG 14 may include a

exanﬁ)%‘c;fr athat@HaPEESTbAMPesUiRtct takIERIgh eded@PpHoaink, e claims and disclosure
correspondi ng i nput/out put ports, read-only nenory

are oNidYhkedh af Phrticdiat AlloRctRE @tetiaNi ¢ st orage nmedi um

cont ai ni ng processor-executabl e instructions and

c a{O’O@f] 3hduRBrioAR| o §Fegrimd) dARIPERE IR iNEfimivward RAlputeapogams

data bus of any suitable configuration. The controller

contB JeRbHeM®) SiagRrivard deditt tus acddeinly émaorn))j NRRIDM] or software,

pi xel s or fromthe pixilated inager

may include various routines that identify radioisotopes according to the energy spectrum of

the detected radioactivity. These programs may also 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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or detector sensors coupled to caneras or stand al one
detectors, and/or as part of a vehicle. The processing
wanoda7/orgidd nmay be used to control the operati ORCEUS2@6/006914

notion of the sensors, a view taken by the sensors,

of en\@!%%gﬁts,%ﬁ&?&t m@ﬂ@yg UhReHes] AHQ! HBHIAY dufer HsufubiOmd, bt ower
sensors detectors. The controfl ler nay be connected to

urban 8Ptk RLLigevi ce 1404, such as a keyboard. The
control ' er may perform data anal ysis or send

| (50831 "Bk bR upld, @10 DAL 8619 5 poktion Bf & ¥idaPhstrBAREHES LY image.
unit 1404. I'nformation fromthe sensors may be

The sptOMlaf fRuifl b8 AidhVentQy PaftRIRS, dbkRf B2 binBRntOfdibAVtOL gburées,
ransmtter 1424 in a known manner. [0078] FIG 15

d oS PRE 5ERInb Yhel AATH GhR! 8BS xP3SurOMaliBE Rlchtiftc@thsihp 24 automati
w gnova%?e 1505 gnd 1556%toraﬁgbfleagESZGdetecfo?s,a%g?am

identiR@YibA ?ro@ram syt BB Feall B8 ideAiifibaBSCohce @pateteRtion
of detecting high energy photons from a radi oactive

param@R}Sit &t DAL ECHe IMERmitWof CODTMht BRecBibs SieRabicriBlicd, setting the
shi el ding container 1516. Each of detectors 1504,

detectionZfbrameterd mad NGyl 56 ferfBiic€ GRAYE fr GakiCerl BPe iofB@AGral CORe a
receiver by cables or tel ephone lines 1536, 1540, 1564
protot9pe BindrAch Rt ?ﬁ,\bﬁ}%_r $tkehs ubhg thRGRENRY typd 48 déteyorligay operate
Interfaced 1568 with a conputer or other control and :
using SRS beiti 5t iR dppHsholtQATtRhtidnaedka phone and ot her
portabl e devices, for exanple 1552 in FIG 15, may be
C BB OLERdtibRand RiHieS iPlodivarsst finawareintily &t agdneddterane the
wth a network of other sensors. These devices nay be

statistf@l SgnifiNEs Feachpdakfayel betpaedinpaed td the aobiae abis¢. oTHehrautines
network in the event that one or nore energetic

may Rgint Wil £scanfitoultiacihage ddbnnsdkiipsfonterahightcommn-katopixels. The
detectorsmay be activated to detect energetic
routin@d frfaly ChitiSer Wivhide @oRpaingrigle cami-ra yixelepeaks orwighbodespixels
energetic particles having energies within one or nore
using praéistehbests. THd seneticglytests mapinslude maimum threshotdesthiphrgum ratios
anount. The activated network may nonitor the novenent
(peakab riefgBbarydiso addtecer a0di Eleeramizts ehiradteristiG) 80 por@gnations of tests
radi oi sotopes are easier to detect than others. The
includiag thadea tStvisticabtasts and programs 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

27



exanples in the disclosure are based on U 235, which

conpared to Co-60 is nore difficult to detect, and
weeow@sislia gui de to the applicability of radi atTms2006/006914

detection systens based on sem conductor materials

used WNREEmIAR G21SQPR e RLRIMEL ) RYe MaP RRIRB wshClofl @ffro AteRess o
pi xel 1s proportional to the energy of the incident

detecBBPRtrh 3Yd PrACtb8 dr MY siche iSAWKER eRpostiEli Bitddaifion, a vehicle or
Al't hough the exanpl es and cal cul ati ons di scl osed

persoll &aftl Mo AuBleRRRAdrA nmgf &idger bdeCradiBdre MenlTi&OHStheANGuch a
appara?us may be used for the detection of high energy

moviR$ @ QRSn fh P BleNYidbAN LB HME sdiRdeEdrldFhaytidpdrise AUBIEOQSound
nucl ear decay. These CCD and CMOS i mager devi ces have

radiaflor, COGRE 1dyE SR ARP BthtQodal Ridlaled St@Rkt. PRANINN. RRES @Fatiofttlee
U-235 nay be used as an exanple of a material that

may PERALEStAei L6 aR hAivi) Vbr 8ReEG AHek@ns, the clains
and di sclosure are not Iimted to any particul ar
I JORBRG CMRIIRLES isthom EAD Sibihod M6t the Geicomm Ak PERGERITE, of
whi ch may be in firmvare (conputer prograns contai ned

radioR@FEBIIRIPES Yhal nchudd ah dpkLusdRVIdCe 4 88niGorid6a6 MiteNal that may
menory)), EPROM or software, may include various

obtaih PhbioBRShit Nt viighe hdgby of BBl 204 GRAJtaBEHElY (Hedt hight diergy
energy spectrum of the detected radioactivity. These

partiQésO@AtGIARr AR ith|dstal ATl dhd6rided @amadiiakdrs. y The apae@Rtmantke
anal yze data fromrenote networked digital caneras,

CCDI SRUEMOISSBakédoltiages. aliessé Setedtiorliingdie bid biher digital detectors of
infrastructure to coordinate detections fromnultiple

electibeh&mbiy fadialied shdetarged phiieles wsdyein ddditiod ebd detecting lipht] detect
identifying radioactive material with pixilated

energefit@axisiesTand igh-eiseg) fhotoho emit@d fionexpiensive ésotapen SEhe images
network of radiation detectors. Such a detector

fromnied ome ok mivEeyCGID ppCYIOSanihgens iaarsbe texabfetredte ademepatti wingarfthme
tracki ng of radioactive sources over a wi de area and

grablied og éradgignboard compadisl, bys fiotexasplh) gbabdeyer, a PAL bwontes,, processor.
cui es, nospitais, oner nsuuraons, ana oincr urban or

Imagesirmdy lal3galbd omssferfed08)g Fuofrareix dntpl Eansfer,GradDA velmessor aother
portion of a typical astronom cal CCD i mage. The spots

clecttonmignatie swalves dsedm doimgiwnatamgieviges: tThe limages 0wy ibe storedypg a disk
anbi ent radi oactive sources,

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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and gamma rays striking the CCD during the exposure
may be identified using an automatic identification
wonogroamsl Thi s system may performreal tine PCT/US2006/006914

identification once the detection paraneters are set.
Nearbmcgmter% tsﬁo%l B ];195 9 &éfec?gang;qpré Eggltectgcﬂ)ﬁ Gile! S 1mager ana tne

ChAracter1strcs, setting the g_etectlon par aneters may
energips) ¥4 RGP %{ fe?\grgigg dA06& LiRtaPhdkHaRr )Pl bE abRAed using

Ghée" a prototype canera is set up, other systens using
statistddtand pl%gfcfblagedt ¥RE Qf vgﬁ% et OferddBdncO PRIaR: ecdﬁ§i‘st@1§bﬁlt BE the

sane settings or wwth only a short calibration check.

i . . . ta elue to gamma
radloe%?\?l%eds&%&r éio‘aﬂﬁ)a%?gotgﬁ&g biGsht BhotCihlah@hseeQue to g

re may be use etermne the statistical

rays e‘?ﬂﬁ%&i £ QQ&%st‘PifalTﬁ%Q oPG@Ka Bl & BhteRMRH beGREPRTE thetiadeb B
ambi ent  noi se. e routines may begin with a scan

objec!s R gy %aéep § ﬁél%?%e\g ?%ﬁcaté R0 s bnfo? the VaTidachigh
count-rate pixels. The routines may further i ncl ude

C iR VARGl laSHicis B hbdaleRtsRiistBheddfRR ifitriied ORB adférBige to
pi xel's using statistical tests. The statistical tests

the fdTBWideMohUSGHHE BlMWEL.t FhESRRLRS beldh N HiBielAiepRSen{aRRAY the
to nei ghbor), use of detector and el ectronics
work SHARE A REds 38 thE SeaclRh &Qﬁ%r&@ﬁt‘iﬁ’%ﬁ&{ ah®b Prekdhe invelitidg is not
these. Statistical %ests and prograns nay be used to
to be Pls@itled By ARt ahpeNmBroRAbI i ties with | ow
al se-p0sitive outcones. Additional checks and
conpari sons of the detpgiqprrsignal may be used to
further suppress spurious alerts. [0084] Potenti al
S QOUSSE Thid exdna16 Blufteasds the\abiliguifaa imsger odetedehiplacleggyguaridles
radi ati on, Cosm c Rays (CRs), sudden increases due to
and iM@trites\hs Binaigivity ofithd degectr.r natural |y occurring decay
products of Radon-222, Bisnuth-214 and Lead-214, and
t Heo89¢ Thy funttidiaki® 28d bdnsigVity. of B kagioos mah gaxsttd déteop gammpa rays
usually be very low, as is the system noise, so
(still d@d eideb) fromf differea fabrddachiaats oact parforsedir desaghagrpoement, the
acconplished with a very high degree of statistical
cameEB Niverd eoeatedDavizhost medificatipns,eadcerdpf it ferimatendsrd directions.
received fromdetectors and caneras may beused to
Exposired werz elidradte g npdswith g vothpetondieachinemetenal yeardha gmera body.
tests ior approppai eness oi detected spectra and )
The jrepss tskeandthoot a hdadysognaseryed agpdntiob PxpeaRgeis.y fregenerpl it was
addition, a vehicle or _
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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person carrying nuclear material may trigger one

radi ati on event after another. Such a noving detection
wory7ovedtl y identify a bona fide source, and Pay/uUS®i06/006914

arise from background radi ati on, cosm c rays, or any

ot her_ | ocal

radi ation _artifact. Finpal ar
Camg i 5190 Gt b e ineontae 2 1ol Lo e M, Bom
activity over the reqion. affected. [00 In. ..
cameagy T KB R RPt BTiet fot  PERATL FRgertL soues
identification of radi oactive i|isoto i ncl
When S5R0SES (1€ CHAC AR BTSN R oelef s R S

. .obt aj n_phot ographi c or video i mages of objects and
distingt }fitt deousl'y detect hi gh energy particles that

RSl S b R e
P Sl RSS2 01t ALt 608 0% e

gl 450 §5 SELSELNG LG, 0000 SURLISLC
ML i B RHOHTR ST
o SR 0 35 B LTS
oo ERSEGTEY, S5o LT 0 Bhe B
o S ST VB SR P i
o B B L BRI 5Ty oo
fat 4 RPN R R THACrhaROPRS R g AAERL phles, i very
unlilge:ﬂry;:t}gg‘re%ig({agtiivrécsloldgcie{] e Ceo%%i%he LS b@rhqné’e‘r&‘ércoﬁid%é g\lrro%f;l]ded by

mani pul atton and anal ysts nachi nery.
anal ysi. s of j. t e . éqgno% V Brelimi
enoucggr%%lrsiﬁen tg 38?18?6%%%35? & rﬁr %%&b%hﬁgvely?ga Betect the o

resuSresencefof rq@&&g&givityam[0086Lﬁég$gpalysi§mgf themﬁu

hages Trom oné 1 mager may be conpared to anal yzed

30



i mages fromother nearby inmagers to determne if a
fal se-positive concl usion has occurred. Near by caneras
wehaeoriodsise abl e to detect gamma rays detected BPgTHUIS2006/006914
tirst imager ana tne energies and ratio of energies
detected should be simlar and may be conpared using
Table1 Statistical and |ogic-based tests to verify the

ersi stence apnd/or-consistencv—of th radioa

L] LA %%} V||.

ct b/
Source hRadipiselape Thalibigied: i| Q¥PinahpEamparay Be; | Frads ot| SRt
| Number an i mage dyéctyitgamyesoays e?ﬁefﬁiyed f 1 87R2Y 1 E‘tg i18te
sour ce of 1l &@vAdaert i @ehat er may beSEey qulﬁe‘i he‘crom
mages of oSpesdtum i j seeamd rra@‘éy)s fi elkeVor | o Woek o Quantex
ocat e t he |fediniquen |of the fadioactiyity. [bagsf | Geiger
vari ous aspdetashet enbodi mepts di scl psed wltHeype | Counter
[lustrated with reflerence to the foll ow ngrays
non-limting exanpl gs. The exanpl es bel ow are nerely

1  epbasent atijvec of t Heswemok [ hem3.zont f Bbubes 1t earh hel 700 pR
teachi ng off the present invend32zom, and the|present

2 @\éﬁﬂﬁﬂl@ﬁ 'EPE@I to |bRsIeel szt ed Dy |bhecexamphes |t hat
fo E 1 [d088] Th geeganpl ¢ iy pstrates the

X ager e high y LCTES
3 (%aélh#llgz{rgpesat he s?r?é@?l /g%% of thg%gﬁe??{)w

Thao £ 1
uuuu] me IUIILLIUII ||1y an DCIIDILI Ily Ul LIre
varl ous inmagers to detect gamma rays (still and video)

R 1T TR PELAR 5T T P P o

nndlflcatlons according tq their standard directi

data werggollesie gudsges ae%lYtlé?qﬁl&@gqoydﬁ@a%aquﬂggﬁa G Lqgdfgeh we Scain CCD
radi oacti ve materi al near the canmera baod The i nmages

data. Theafsertan BREULWEs ARG SisdetEDSE), carmaickispd] by Quartd n Russia
experiments. In general, it was expected that very few

The deteofor’s lealitgativtnrtak bee«pmﬁeérto b waigess te athindl (3 apruzaeytah Brookhaven
smal | pi xel -scal e dots caused by radiation strikes on

NationaltlboghetrecThe detbdtol wasapssitianed spprakinetdly 1 Sxqe ditons thesources, with
but not necessarily all, of the inages (also called

a 1/16thfii@nBik pocp 08 dEglic plastoln etivkatethy soata)nd deteaort aile plastic was

such artifacts.
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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[0090] In one series of laboratory tests, a digital

vi deo canera manufactured by Logitech, specifically,
woheo7@aswkcam f or Not ebook Pro was used. That eam@iS2006/006914

contains a 1280 x 960 pi xel Charge- Cbupled Devi ce

control eXpETFg g itk 41 EQIERVE O AR O SSRERT Y SRy Cetecton
1200 CCD was used. Both canmeras were exposed, w thout

of the cany@}i f i cati ons, to small, unregul ated radi oactive
sour ces. Wien exposed to these sources, ganma ra

[0084] Merecrséansive ExBerigentscyigths d ogieah wehspm Wete E?Iif%é’ted than with

white dots. [0091] When collecting radiation

the digitabstilbédnnera.t Jn chab af thehwabeam aupaotnty dagovare egllecteddormhbsasonds,
1): (1) 1 nC Cobalt-60, (2) 5 nC Cesium 137 and (3) 10

at 15 frafi€s f@Sdetnid] &7 protiice mewds cahpsedsduppresinwely 236 demes. Control
from Spectrum Techni ques, Inc. of OGak Ridge, TN

experimesi8 6§ PEROFRRN Mirdl ath thE OMhelaSugalrided dY echdraitkatndeovered with a
sources for experinmental |aboratory work. The

thick bladkOBBih - Pl SLUEE &rREbF fesRONEE fidkdntiball éxddpVihanthe ICoh31tMBVand the
ganma rays. These energetic rays are very penetrating,

two Cesil¥nt 13708¥ceb %efr n%fac?ﬂ"?l 3@'1%2 WeB¥an Perdaomal Ss@ﬁ&e Qf f‘égfs &fad the

raversi ng sium 137 emts 0.6

camera ulq%ovgge a4 Sed&m%%cel%egﬁ ngl‘i%becggtlo& @at}xpﬁd’]&tdﬁoa&ﬁwdlﬁ n@z{rﬁy; the

lead bric QU ¢ %5%%@@?1‘”&? Bttt e R PSP BB R fiml seres
mekes it very unlikely that radloa th sour, Ia

of tests UBkMGITATG SHRP IS TPEUEUL Bee e TRIRT BAHERY By I LG m-137
shielding to avoid detection, if the system

sources. Jaqiglstqopearying &hq Hisyavotrsigy AL tests @rg ﬁlﬁﬂ’é??‘ helayy prd sypmarized in
sensitivity are discussed vide infra.Table 1 [0092] hi

Table 2. order to assess the ultimte sensitivity of the
met hod, Geiger-Miller counter data were coll ected
[ums}ei‘haeonmeacmenmmstopnmted: ofifiut i Hisecond visles slipd egpregenting 996
the Logitech webcam CCD data. The detector chosen was

individusA dQddFanes, ¢kl 66.7 RBAGrativan Ul axedl i égir leyer@etar paati¢la strikes on the
Russia. The detector's calibration has been verified

CCD wekd dbBcte@(§RCRIG. G A1) for pD84 acnatioes)y FiesBrhank pesgemably 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 strategy.

[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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Nat i onal Laboratory. The detector was positioned
approximately 1.5 cmfromthe sources, with a 1/1 6th
wonedv/orhisck pi ece of acrylic plastic in betweeRCTS2006/006914
source and detector. The plastic was used to provide
nom nal |y equi val ent shielding to that of the webca
detected EHvenergatis maticloypakeatondhe €60 vRenadhsr’y2 kndd\éfl%f’jtﬁ&meﬁ-s [H‘B count
collect data for 3 1 to 33 seconds and then indicate
rate varietlfbetwrsarll6cquatiisae ksh3. 2gpuduses. | evel in
m cr o- Roent gen/ hour. The resulting count rate average
[0098) Aa &Gtimatenaf thesaatjlical gigeficande iof thésowlstachorBagnebe made to
for the Cobalt-60 sanple. The other sources overl oaded
understarid ¥Be S8R Gff Blfe. systeah 43Q1 Wathingldeeice domntadiatibiesr foedetection of ambient
obtai ned. [0093] Results for systemsensitivity. The
radioacti¥ity! TP Ssi G2 RpRatdRSthe! BREL f'dsticeMekPeriiintCiRaviti 24N dutd (RG. 6A),
1°nC Cobalt disklying flat against the rear side of

9 omb BT s 1 Shurar . o R gy i e v
measurecf g}gx?esé‘l :P?clgc\}négfsegﬂéh%qw {q%étr ;gé%ﬁ%fée&ﬁﬂ% df Wh50FRP 5. Since radioactive

0 urce, was no evi dence O a
- . th , 4
s HRTRGH G SELEHHLER) AL By QIR k6 e van 2
s LB A B T g ey o

seconds, at 15 franes_ per second, to produce novies

made. Jbaparipsedmete ArprBserieitel i) e SMERMFRRENICH, he square-root of the
experinments were perforned first wth the canera

measuremtity ortndl®d 7hynd &&dcdumise kespesiiyelyofosr Saires- 1, hSaurgen?, cénd Source-3.
bl ack cloth. The second series of tests were

These vdlGanfiéld aksulteot @ptd.p hatntt/he s€o HaET c6tslihfs¢chend $d+7.3 counts/15-
Cesi um 137 sources were placed next to the webcam The

sec. Thé Btsi Famelis 8 Fewhtah@bl Seviagbrishevagaren ahesthavieoedues) intdpossible
at the ceiling of the Iaboratory, with no radi oactive

that the WeB&ar RyPNave e sSRE RFvabk 1RV &Jurded QfieA TR @rsV@fperiment; if so, a

renoved, "but the srde bricks were still in place. The

translati(%l R@! 7 Girh BP0l akgoatx{n? ffb‘IS@rg: LSRR A BYsS/Ld.UPTRS sigfifficance of the

revi ous series, or the inclusion of the two
.Cesiuml(f..?s rces..Details. con 1.ng.. first two
detections, PRI mtlg‘glﬁgl%%?%thalir LEREER qbeﬁ%‘%ﬁgﬁggg Ssr'rrmri zed in
Tabl e 2. L .
significance = (value — background)/uncertainty
[0098] The resulting significance of the detection of the radioactive source for the
“Source-1” experiment is (24-1)/4.9= 4.7c. The corresponding values for “Source-2” and
“Source-3” are 6.9c 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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[ 0095] The control experinents consisted of four
15-second video clips representing 996 individual data
wonemssiseach 66.7 nms in duration. A total of POWUS2006/006914
energetic particle strikes on the CCD were detected
(see FIG 5 (A-D) for pixel |ocationg). These. wer,
o the beghemudnisley KNGy EdorEl rige PRDIN0s ARy Tble 2, the
radi oacti ve decay of a naturally occurring el enent
probabilitg b4t @staRstiteh appmplyswaeld agrogiesd delse-negatiye fan dich gplculated by
anmbi ent source of background radiati on. None of the
evaluating érGassian Pretebility Edstibwmer Thiasan bt alane deon delue ¢qpialent to
others. This tenporal gap between counts, and or a
what woulll B ¢BhEideRd Mormh&lt for baxipronsd, s edmaared ta ther Tatal oumbérgfegamma
an alert and also as part of a fal seal arm suppression

rays detectdd’ ’a(EﬁgaYi' kB3R Wt ﬁl&q\ﬁti&rgb@)wﬁhﬂﬂdgt thé @& sageeNTIEs pasbability

I mages taken while the webcam sat atop the three
radi oacti ve sources. The sequences were each 15

seconds | ong. This configurationdetected 126 energetic
particle strikes on the CCD anong the 773 indivi%;Fl

1s:

frames. The count rhte_ yarlifeeckigatmdenlug.-6meauyaled Yec
Pmbabliﬂ'}’o"q.ggl%e B Seg. 200873 estimat g of the

statistical significance of these detections can be

made to understand the value of the systemas a

war ni ng devi ce for radiation ar, f tection qf .
(0AS e Sopresio A6t pmbﬁlg}ﬂtyca ARPY érms@éggﬁt fer §°‘%fﬁ%‘9taﬁ?§ uree-3 1t
"source" experinents having 24 cqunts,(FIG% GQ?, 4% .
is more thauan ©1{eE| G mEBjtude dovEE. CHiEnsY§ieIEs ensgbyty tprgfore makes it very
ef fective background radi ation | evel was neasured to
robust aghiastaplse-oxgatint edsylinne., fihe ewbient éiationisas despichs ipfenggasdhe very
in FIG 5. Since radioactive decays foll ow Poi sson
low laboiosy tolifiorenthe cama rhfeeviil etiegh efough tnigkpedegation. sdpreover, a
is greater than 20, sone estimtes of the significance
radioacti®f sduf@ Gal egdsi GRElyUs ngr Gadsaitanfos taat dxsdnided tiarey wnetsespass by
may be nmade. The approximate 1-s uncertainty in the
multiple ABRGHIE MRk SfoteS tiid sk SUmEsSmE 0soudde ish@memadinghyertiyced by the
or: 4,9, 7, and 7.3 counts, respectively for Source-1,

ar ’-é A0 SOMeE Sdetcbtgse val ues yield results of
numbmxgjgi&%ncgantsﬁ? 5}§ec,(2%i7 counts/ 15-sec, and 53%7.3

[@gH&t s/l %6 cﬁl%ﬁla%e-rﬁx% ifaiﬁé-?%siﬁ% Bieobiaﬁili?y, ftﬁé"’s&h@%ﬂ@d’ti@n would be
0

vi‘ati ons away tromthe other two values, it is

used, exgep? ?}ileb{)gckground rate and mean value definitions are reversed, and the 1-¢g 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
it firmly. However, a rough order of magnitude estifnate for the 1-c, uncertainty would be 1
count (the square-root of 1). Using a value of 1 for c means that a false-positive alert at the level
of Source-1 would be a 25-c occurrence, i.e. a formal probablility <10™11¢. Additional analysis
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that the webcam may have slid slightly toward the
sources after the first experinent; if so, a
wonrertgrsisi on of ~7 mm woul d account for the vaPCauiSeme/006914
observed. The significance of the detections,
expr in [ tipl f their r ive 1-
of the SErREE AT S A PR IaY e TALB Y IR SELeL G g Haon o the background
background)/uncertaln 0098 The resuIL
rate and itsi vgriptdec SFedowrbackeroted ?1% dps TonerspishaeR Jgrts are handled
source for the "Source-1" experinent is (24-1)/4.9=
zmpnmnm¢b73m16ﬁenUmamgspan@pmg val ues for "Source-2" and
"Source-3" are 6.9s and 7.1s, respectively. In these

s known that there really was a
Tﬁﬁ%?d%%ﬁp@éwgg&?m@ nearby, but that will not always he
Ekp@ingas e | Total wui of be usefodal twntengviNurhieerlof k el iAvorage
SEds bot h| kalrse- nagiatdude aoflgdnahse- pdsimdsve r esgbums To

det er m ne atthetyf [abid& negat raye detestad t|swhitihe probgler | ity
that instegd) of fasaveri ng the expecisatnatuyben sefond
counts, & nunber closeto|the backgriougd dertiedils found|
For count rates| equal to|those recgrded in Table 2,
robabi T1 Tyl T hat tatisticaly lanomal ul d
P%ﬁ ce & fﬂlé%-npgﬁfgggngan_bg_géicu!ateé gg 0.0
Couabdlkmt i ng t hed (Gaussi &A4 Pr obabi | i BBy| Di stri buBijon. A
can pbe dogne f a val equi val ent, fo what ylrd b
C@B‘ﬁgll'ﬁer :d_nor for Lﬁgg( E(‘H‘ aund, Oac conpared{to-t E)QO
c&mmﬁd nLnber(Df ganwazndys det ectleld" (call ed |" neat).1

(acimei-a eguatTorr—per o), -~ osi g e 1-S val

as
SBW@%ﬂblllty i X0 | Probat?Pilty of falsk - neqa@ﬁ ve rogdg
P&&e ourde- Ljgfhis p@g@ability I8 pbout 1 i3@ 100, 6,02))

1 + |
Sou+rce-—2—ahn Sewt+rece—g3—+t—+S—+Hho tratn—an r-oer—of

Soageidt udg | owlr | The sA28tlem s sen@ ivity tHarlef or 83
makeés it very robust against fal se-negative results,

)

i.e., if the anbient radiation is at |east as intense
[(830ijhe VeEypdcew Kaldokaishivity Cmdinidgens mayhdecbasetl npine scaling
wi Il be high enough to nake a detection. Moreover, a

argumenfsaﬁjén@%duy@ STOLb6RtOM | detd¥Bsis. | ITe| Fediativhabs Arf@icant Sientists
for an extended tinme, or else pass by nultiple

performe‘aeat AR Br céﬁaﬁﬁﬁﬁﬁ & ’asstegbethé 'hﬁl‘ly Qfphit DT ivadows &RYHERIbsBenarios.
correspondi ngly reduced by t

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 pCi 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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nunber of 15 second periods spent near a detector.
[00100] To calculate the fal se-positive probability,
woOher7gams1 equat i on woul d be used, except the backgsewedoso14
rate and nean value definitions are reversed, and the
1-s now corresponds to that of the back round count
assumptiquat &r wsp@Re il compe SHBRAFEE (hap e Cobarol; spurce, a comparable
extrenely | ow backgrao ng rate observed, approxinmately °
detection rouldlhﬂmeu@Eea:dh@‘s) xHeS g AMemeisrs avayg ahiilg @cpource 10
froma Gaussian statistics perspective; a nmuch | onger
times moe podw eowdubed detectalde dedzhl o 470 xmdtérs fawayl yHoMevwsy eir-attgnuation
rough order of magnitude estimate for the 1-s
becomes U@t dktaM0ed gredter thard ratghiyt100toheers Gt avigelr paiht 4if bécpmes an
Using a value of 1 for s neans that a fal se-positive

importanfbéthporht &mﬁlelsﬁ}éﬂmgf:d&ﬂh‘tﬁ&ﬁ ISineuHhe daRuftedddiStances exceed the
occurrence ormal probablility <10 116.

distance &deg V‘{) Wi D&k a@é’hélh% S Qbbb nfHa3E a%ﬁéér{/éfﬁfe%ls%ﬁteriﬁi §n effective

nore extensive determ nation of
R e angfé oo
asu I'

R e

i magers ma scal i ng argunents using

beddﬁ“ﬁ%@ﬂ?#§sﬂﬁwFéB F%F @gﬁg?@g?fo The Federation of
American Scientists perforned a nunber of cal cul ati ons
to assess the likely iEtpA¥PLER2 various dirty bomb
scenarios. The results of their detai
[WﬂgébtlgaI@éﬁgﬁ@ﬁﬁ’ﬁ%mﬂ%%ﬂﬁ$%ﬂf%ﬁ%1¥$@fﬁé%§?Péc?gx%cmnma°r
Public Interest Report 55, N. 2, 2002). One of these

video camerséo detemligaamegny; Benedadipretizagdtesla 10, 000 Curi e
source of Cobalt-60. Such a source is 109 tinmes nore
[(0d03e t h@ne phaotoCRD orGeliQimmagarsgealabelusedlto sempiesa region or
nore active than the 1 nC Cobalt source. In a

objects ippthelehvirormient wadetarhard i6 radidactiwouatenaly emeeseyt. ohn image from each
sel f-shielding were not changed. As distance between

of the caaiisCRaphavddeanhne dt Racepixelsdetéritnadonsing fifeciatageds hardware to
fall-off of intensity that is proportional to the

detect plﬁéwaﬂitﬁ hedh dhbBrebatded HYHhEREWEEFhsTRHEER WBNEhndd £ 0Alternatively,
he | aboratory detections took place with a 1.5 cm

the ima Ql Shalybd Rsihp SoRRA QR TERNRE RBS) the @imeraSRW &Rtrd0d8cessor
' g ngQﬁDréwgctlvg t han our Cobalt-60 source, a

connecteﬁqmrc%m&a 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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detection could be made when it is (1010)1/2 x 1.5 cm
= 1500 neters away, while a source 109 tines nore
wacbtinoessoul d be detectabl e roughly 470 met er sPanag2006/006914
However, air-attenuation becones inportant for
di stances greater than roughly 100 neters, at which
(0BMC ai rSoBuEnREY BRuTeAER FYARRS BErpBRTHFOT A AL and conduct
shi el ding cal cul ations. Since the cal cul ated dj stances . .

a series abatepsdotrhducdiciminateefalapenosifive alerisi r These siepaimynnpuge sequiring
I mportant, a conservative estimate for an effective
additional Anaes;f aiibtatieg thet detectors complaison loé e imengdiangl digtecirdJiigh energy

: be several hundred nmeters, however greater ranges are
particles RAESIiRbges Abinebthat neaby, canterad; c@pasepahatdoonts, toaa threshold;
stronger signal of radioactivity would be detected, or
comparis@n bE R REhtity 8f HRUHeesCOUIhE datmitet9¢ e@ctedXAMPL Ebry of known
[00102] This prophetic exanple illustrates the use of
radioactive {SH3pSY tCHEBRNGAITRY & niclY 'ié_jﬁ@ssﬁﬂ’é’,mhrs@rﬁmm? &diRCér more images to
gamma-rays froma radi oactive material. [00103] One or

determine?gg ﬁhgx@digﬁ ti%u}cgage{@v{eﬁ%yaﬂ? 98 dbRcS@MbE dhergy particles

_on O_T OjeCtS_Int VI ronnent t_O determine 1f
oot GRS T LKA %, BRSPS s s
TS e e TR0 S P sbodh o oot i
g

) generate by ganma rays.. Alternatively, .the i e

pixels orhamigeal (527 dhe STHEGTSs OYATIEER 06151 r TR OBUPTARY P B gystem
or a central processor connected to the camerag to . :

operatorsctoslests alraraiisranpreagients gatisticalipaeraticant gdiptgn @ﬁ‘gaféfof §ignature in
ganma ray may include one or nore pixels having high

one or motegrixms arimbgésghit vemespabdicer mdisaetivgraaieérlor t hr eshol d
| evel . The charge, brightness and frequency of the
[00106] S St Wihete High ¢rvegygearicles zbpye e pradetstnined kaval angprdeequency
or radi oactive material is expected to be greater than

are detedtdiE a6 hae@veostudyr dfpht nesgesf@rpitdie freanthe phxetas can be performed to
interacting with anbient |ight or background

more prebRBlly3bdafitht KA rRbictiRe enatedial bel idesily fits cempdditidre Optéonally,
i mages froman i mager and conduct a series of steps to

i A Bal B8 S6orARSIcH Y &ikSkicShe fHAR%ON SH@PS location to
cameras %&%ﬁ%? agstqu#i ng ' ° s © e

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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addi tional images; calibrating the detector;

conparison of the inage and detected hi gh energy
weoaodziocss Wi th i mages from ot her near by canmer 26T/US2006/006914

conparing the counts to a threshold; conparison of the

identity of the ener of s dete

th ama._ra ted w.th .
local ba%‘éf‘i“&ﬁa@“%f“k oA o el T < Hﬁegv?%gede Rt pixels
if a match_is possible; assenbling one or nore | e
correspondnlde eV h 1o R or AT o3eih U 2adr A8 28 mbtnt SR Y+2),
if the detected high energy particles correspond to
(X+2,Y+2helwmatindptif efknowe refsrace obiect kfein gdfield.oif mayybe set to be the
conmbi nati on of these acts. [00105] Were high energy
backgroupdrahd che sveaigeve the pixelietratatd paidts| core$poadimg detilee bligetisat to the
pi xel s or images fromthe imagers, warnings or alerts
backgrous@y optionally be issued to systemoperators or others
if there is a persistent, statistically significant

[0180] B brnédd dffoperati®lf asSillgetatedrie FIG, RRligtal Bafiea@igial sideo
or 1 mages that correspond to a radi oactive material.

camera t4K80 é gﬁ*}ury%’mﬁ? aftl BinSMer 9% Pakldial BSgBRPMAY Be transmitted to

predeterm ned | evel and/or fregquency are detected, an
Y] ' ] h :
compuc QHERHINSyREUEN e LI ROBRET FIELS JOAMDR e n
soyrce. or radi oact i terd i-dent i its.
may alsod G R SOLORA [P T Blelle EATaiBERM bl found, he en
may. he .coordi nate Q tri late t.he radiatio our ce.
may be rFRHE 0 AW VBTG Sha O RP DL G R e mae
18 1 SRRSO e 85 By s may
) ~dissem nated to system operators or others in updated
issued, ngqr:]ré;p\t;smorg?ﬁwggy@le P]@gq_tgc.},] an@d@tfaﬁwbq %n@mﬁ&d\};:ﬁ9 sggond stage
checki ng e pixels or image froman imager is to
monitor fov alterataanerieodrdinatioan] @8est pi xel s (4CP) in digital
i mage data. If the pixel or inmage data point under
[@1on} iAdiditnilofalse positkests, tftrenxatnpte idGRe-to-anageXhat, pixel”
(X, Y+1), (X-1 5Y), and (X Y-1). Thel ocal background
compariéé)iagﬂt%)giiﬁlx\ié}ridq ié Wn&lﬁ&ﬁ_ibﬁe t%ﬂk?})ﬁ(lxgEsY)tlg )@r@\(d;teg‘gl% igh thvent
S sponding to -2.Y-2), .Y-2),
rates imdg&aferimdpe. (Potdhin€ls,” {f¥dhd¥d be @ ¥rablfZhay (sKalty B9 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 warning (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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(X+2,Y+2); alternatively if a known reference object

isinthe field, it may be set to be the background
wand7ogisaver age of the pixels or data poi nts PCT/US2006/006914

corresponding to the object set to the background.

0100 de of i il i
o b eSSl S T Bl o
icture (704) and in another st the digital j e(s
some of thagecl Pt@&ﬁ@%ﬁab’tpéﬁetiaéﬁ he APTR PO‘%?%? strikg; e#}%t@t%?%a)

be searched for specific signatures of gamma-ray
creating astifa¢tk ds thennhaga808al so i ncl ude fal se positive tests
(712). If evidence of a radioactive material is found,
[0104] Inesbs fram dxtigitad paatre chapibe hnalhizedrfox theapvesencetsif artifpmigy 12,
(718), , otherwi se begin again with the next image
If no evidedeBf radibactivitsl @nduectdd] inlagt volilecdbe mayanatified®4 d Bt eyatenemof
of radioactivity, alerts or warnings maybe issued,
radioactiVif}ti€ B&eMBd, BpRbADN I rBtaBY alBydidlon bidd @dnor@nddidata fiamps BES.
transmtted to a second stage nonitor for inter-canera

The repeftOPABIRE AP sdréas 4 AkBIbsifddidréABle. frakaLalPaS bt fratfes may be
tests,” for exanple image-to-image "hot pixel"

continued HH &' sufr Rk (t%g'xg%er o fralfal o 1 rddfoalEY EnTenfds blesdnb Bevidence
sane pi xel e(ns 'S

_ ) (are) detecting high count rates
persis) BTREF RIS Sy 0GB B e el P ol g o

.CO n techni ques..[0102]. | nt ensi.ve noni.t ori
not persif QP TaTBUT P iy Thoeg PSP B SeiEss P bl iy JRier are
~source (730 identify specjfic_ radi oi sotope(s) .
conssterglyatpw & A pIa B0 VAT 495 PORRERGE PEAeollection may
multiple alerts enables the system and operators to
continue®P4ck and to identify the source of radioactivity
(738). [0103] The functions of the software or )
[6105hithe e¥idence fitrehppresanpeyof tadiatipmpersistsy shalert o yamipe may be
canera or pixel data froman imager chip having one or
issued bynihe @yspén 824, Fhedeatutas map pEifGm BuenSiveandnionng he 2 igradigat search
is collected 804. Digital caneras are sensitive to
to identifF@CRYecpidad it snod hedsiafiBdhitiaby mathér ingdgs/videndraget828. Optionally,
particles and gamma-rays). |If radiological materials
multiple t@{?ﬁs RRHHRYnal§ 2o Bhclt AR idatidy tHersoditeos radivachenet Asadata are

e canera body and strike the digital detector,
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
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creating artifacts in the inage 808. [0104] | nmages

froma digital canera may be anal yzed for the presence
woho@rosisact s 812. If no evidence of radi oacti PCTRSR®6/006914

detected, inmage collection may continue 804. I|f

evi dence, of radjoactivity is tecte P, I e

reach the delsgioRend IREra APl & B ey 3 PRSI e R Rbloth manitest
- 816. The regeated analyse%,naé serve as a The

this sensitiviiy sagaystess of he dgestion{ram ghichiRe SHIPG LS BT e SRR

maybe continued until a sufficjent numpger of frages .
physical sigh bvg. an padroachdsyef thadetpsian anditgngdias PTiERH P fiRY determine

persists) 820, or there is no radioactive material )
the solid apgle sebtended by diendatectay fromdiradioadtive SPRIESE PesPagiEe A darger solid

persist); for exanple the counts, inmage brightness, or
angle mayG?6di@e aQiptiet 264 of @inmchays mbkgarting vethabedétsttentA yadinsiciye

a threshold 820). Were the evidence does not persist,
source haVifi@ 8 8ighel de@fdei FRCtNAY (6 gNnbiLRcBBper §dd0H]mayf produee a higher

evi dence for the presence of radiation persists, an
rate of gmgintﬁgﬁc){SQﬁte%ﬁﬁ’é Foh BRYdeRRtdr S THEBath Yrohh@ch ¥ah etz be triehemitted

e ors may performintensive nonitoring by a

to a compgtre?\%hgljatthﬁsﬁﬁf}gﬂti% gTer}ﬁ"x@&.i e Rarfdfli&idnaHayPBaNis 8 cabletnetwork, or

necessarily 1ni y wthin inmage/video frame 828.

electroma%&%ﬁfci(%gtglﬁtl{'(?{ff s&lgllgl lﬁsté bRl ot B Sleh S0, W0 BEyEAN A MZEsthRs bF AKX

source of radioactivity. As data are

. gathered, further alerts be di ] . S
secsion T3 bR g B S 8y B9 e
digital caneras 806. [0106] In FIG 8, digital images

provide geppter defpilect ed from one or nore caneras/vi deo caneras
804. The caneras may be used for sgﬁﬁrélx%ﬁu%ggse and ..
[0k07] DieitrlecemsraR &EF BSIHYE Gslerat RefRLeRitTad ociE SRl y; T5i="
caneras may be used to work as radiation detector
particles addegaivana-ays BO%. ¥ nadjolagieal praterialbare PERIPAGeOMEAL S (fe;?ay
moni toring. The detectors (e.g. CCD, CMOS, etc.) are
products éihpaniirate theocasteer gpelyiand plaike it digits] deteriondregting pijigacts in the
decays. Gamma rays in particular are the nost |ikely
image. Tt Bndged fv1RaRY fiohethd dttectbn thearbdericatoé garpmawkyshmayt prpgcs gapges
a way as to be detectable. The detectors manifest this
without Vi8R HebkVFTGY 16 @0 ahades 98 dath witheadinizay iderections mapthavthwhite
ganma rays enter the canera. The
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 (€.g.

FITS, SDF etc.). Suitable programs to transfer a file into a suitable format are known in the art
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physi cal size (e.g. in square inches) of the detector,
and its angular orientation, may determ ne the solid
wang7@7sisbt ended by the detector, from a radi ORCTIU$2006/006914
source's perspective. A larger solid angle nay produce
i a higher rate of_ ganma_rays inLerac ing W th %ge b
and includg GraphiFonvaTteLRY TIRIEHEY LoREe PLUNH NG PROH PG Re P dRgpeTaY O°
~of activity (e.g. nore decays per second) may, .Y dﬁce
read into raergryh Arseqigh enayioe paHrENFdsnsthisimagaioperyiohihen 191%98% s
detector. The data from each camera may be transmtted
produced wheragacunquayehit wirbingeradiavitrhe digital detecipsr Agiomtunatipgof
transm ssion may be via a cable, network, or ]
algorithmemey be wsed ¢édtect grmdiaaty bits muohmage. Thetintensityl ofithe white Hecks
radio waves. At |ater stages of the detection and
may be usad &) deSdr@inenRearsgy dfthe panmb rsy Hitspmdt energyrratias for tharis asy
may be conbined to provide greater detail. [0107]
also be defdlint@! F&ARBNAR, MePrSEas “BOLEANY, deh)s peodpeidt of the
radi oactive materials energetic particles and
“Fipoaro” SAWIR" Hyaddiel ARtiEiake, MR @hicdlsofatlch are
Figaro S%r oxXl| r%{ag%eggﬁeéoﬂgp the lglesggyk/tﬁpgéduct s will penetrate
1ncorporatgd Reref rgt;ei)ei é g?tgg]ir %hl{lﬂﬁéf? 1140{11%691109{&1&: théj[%f}pﬁelotlfsed on CCD

reatin i'mage. I n i nmages col | ected

. f t he det ect th bs .

e GRS S58  MERRSHD Bl AT B e

s o R e B TR S5 R BRI B i
b ified i I o Y

mageor oy RGBS b Boras Sl B o

as the canera can supply inmages and/ or the conputer or
removingdesmpfiowrthe imagedharquiaes maype Biedde Heptityrad shanpglerizg gipgma
made at steps 824, 828, and 832 may influence the node
rays that dtke theregagesel ecti on and rate. [0109] Each i mage may be
converted to a file format suitable for further
[0p10jde as Embodiment, a Fhil 8y oSPRekinten}ity 18tivt mby be palogatadrand wsed
transfer a file into a suitable format are known in
to identify B@redielyasherp-peak edliendgedpdrires Giopivels that mby cdihespetndiv dasmkerays.
or other simlar prograns. An image may be read into
These pixEBFRdyYbe g Qvﬂﬁt‘ﬁteﬂ%&%ﬂ{& esied on this imge to
| ook "for the white flecks

[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
image; 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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produced when gamma rays hit and interact with the
digital detector. A conbination of algorithns nmay be
wageri/orsisdet ect ganma ray hits in an i mage. TheCT/US2006/006914
intensity of the white flecks may be used to determ ne
t he gnep%y of the gamma ray hits, and energ rgti?%.
average; detsrmining ihp pixehdafe ¥laeisgaearstanhn atpragedi t R C(P)ignes
program "BCLEAN', which is a conponent of the "Figaro"
the squaresobttofidha aperagea gthetievte nopyadsolbye prepmiedsintionpliy @ shaegparameter
contents of which are incorporated herein by reference
may be calduldidtbiorassesd the géneralishajeuddise peakiini the smegratA redip thay bsed
on CCD i mages to detect and renove bad |ines and
constructéd®T (ke éeﬁﬁalgj'ebk {agt midusane arrasiof AREIGR) &(the regege offties4CP
routi nes and nodi fications of it may be used to detect
i S4B, 88 bl S THe nhdth&d lly @dternTROE tIEE skips katoeid greater
FnES the?epr escg(%%bgt i on %%és]:\n i mge fr gym a CCD or CI\/Dg [ magergT
thMlCGDRather than renmoving themfromthe inmage, the routines
may be used to identify and characterize gamm rays
to.Strhk ' ' By
H)@/@.Pé)t(%}s %(})1]af3 ppaltsgg Pﬁrlgﬁ%eorf 'tthsQ gel'tg]m'%/' be%nﬁgge}gﬁj{ videfdce of a

[ ensity ratios nay cal cul at ed

d id [ t I - A .
g e B e Ve R R R B SR R0 e s
e consicp b e e T e eV P G168 coneo

i mage may be eval uated based on set. of uyser .or )
would ﬂogvytgthéﬁa 1ixgle Bass plh Fes@xg]ﬁbqnég’e Pc)n’qedé(a-]a)a’ eé(o§)gargp?& rays; the
C(4) may be user defined constants (although fewer or
proceduremppethen aensider theaent image Spbssi bl e). A set of one or
nore tests to evaluate pixels in an inage naz i nclude: |
[0d &3 ]elf whmina gaysfaradgiéctal indatimagea$ ife thegnefhedhmay be peed to determine
zero; determning if a pixel data value is greater
how many figfes gaamaedystaheddtened ialthsest uger defirmbleq@Fpdi Fhe heriod may be
I mage; determning if a pixel data value is greater
based on b R8MbENT fAVRE AJE cRmal be Fb&P1 tyabo(t J000dameEser 1 to about 15 frames,
determning if a pixel data value is greater than the

or an amGEbAGRe, MhitRad 6B 5080 0.5 kdBBut FRéRYRIsAGEFom about 1 to
etermning if a pixel data value is greater than the

about 10 §5h&d %tlguég B rCEnPWnEérdimds! EiBR. IAURE Betb&Bd githma rays

at average; other tests may al so be perforned.
are preser%% ItI?enu%lexl definfb1g B@&Q&d A BERL&hold 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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may be cal cul ated to assess the general shape of the
peak in the image. A ratio nay be constructed of [(the
woeni7riasispeak val ue m nus the average of the 4€B)/U52006/006914
(the average of the 4CP m nus the |ocal background
average)]. The nethod nay determine if this shape
or at very highijaliithde. gk persistent IRAiQaet{Ve)souce meyirigge; @) aleyt 3gd Cg‘%{%"% of the
nunber of these tests may be considered to be evidence
system camflow tg&RSpbut data capture enchapsilysis mayponsinue. nAH relaanpdaia gy be
the first five tests, and optionally, the sixth may be
logged an€ onaingeicedd via seeura (p ssétybied yeommestioayo dstoaieriegstatzondfor
inthe flowcontrol of FIG 8, control would flow to
further revid® andl boRRD1Pics@ity opastioml | tests, the inmage is deened
to be free of gamma rays; the procedure may then
F AR acting daetted iR Bnadtoed Aot kdeat, br Gsvamet feaststhatigeshold
[nggggi;?%gctiﬁﬂ%an i mage 8161%% he net ﬁﬂod may be used to

level, the ?ﬁé %%?ﬁ%?ﬁg@?ﬁlggﬁéﬁg% NRE OB Ry DL SetdfrRd USétSkdaRilddta

| e period. "The period may be

collection%g%g&:&g%awm?r of franmes, which may be from1 to

anes or 1 to about 15 franes, or an anount
t] whi ch be f bout .0..5 t b
o2 B s TS S R0 5 B sy s

) shorter and | onger .tines.are. possible...If user

interpreteq gt & & OBANTRY TAYIEEEF GoOHE VA RALRR SR 1D o
period and the threshold . is, exceeded, fqr e anphg %:5

computerfbaggfeaiarn, Rev@aked @larisrcomiinations ghirgard athep algHs pin addition to
persi stent, bona fide detection, rather than transien;

the alerts,romi iggnsiy@mouiforinganadermpt berctiyairdror ithe camesr Bk wep Tgaponsible for
i mage may al so be used to determi ne the veracity of )

detecting theeradietien eveon$28T K¥hersemerasnfor exeninjenearpheanisyasy, By g put into a
i gnore franmes having fewer than sone threshold nunber

faster dat®fakgarand-andysisigbéctd iamsoveRhe clexaesifdetetting 2 tadmséidtedource. If
maybe 1-2 gamma-ray detections per image, but mght be

more tharS&ie QinfRedetéds @fiafdrg dhodk irtlepBidentdehicants madbatdondinatedB32.
very high altitude. A persistent radioactive source

‘ [0 EfdnS96 moARoEEAs ARFhHRNLFiSks dtfconhte ifchedigdvéHitation that
ow to 828, but data capture and analysis may
the radiodt QUL bWHE: is il nbf R YRS Hbx itk 10BRYnDEtraction 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 tilted to alter their orientation with respect to the radioactive
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| ogged and communi cated via secure (e.g. encrypted)
connection to a nonitoring station for further review
wand7massi bl e security operations. [0115] If tReT/US2006/006914

activity detected in an i nage does not repeat or does
not reach the threshold I evel, the data m ,

source. Apptamerali$ movédigabgn itaddecteonmems |nearé>ypmendeqw¥ﬂ:rﬁ%aletseurce, the
standard data collection acts 804, 808, and 812.

count rate i/ ifidredier Sontesdly, sdien dieescaoferafa aireed @yes o akiathe detgetiemore
or image evaluation may be interpreted as a radiation

edge-wise@Y Efetradiofdive kb@os the@iinmetiy abenttrste 824 demehsedilnthis way, a
operator alarm conputer-based alarm networked

gradient s@ir&f indly b€ ?éﬁ’drﬂéﬂ leRRst b9fthd hefea aieiatot sredy adoipuserftontrolled
dition to the alerts, an intensive nonitoring node

search (grg%yas ¢ ﬁ‘Ell. i fﬂxronte Eﬁi@ﬁfaﬁoﬁ B the \WRRlidn® SdA8dRS bdth@ime the

ctlng t radlat on event 828." Ot her caneras,
I( L
count rate ng{zs u]% gaggraélllg g&g&ln % xsggﬂrﬁ?% gp?f n%ér:%?/se ﬁ%r%éﬁ*g ?]%?Cg grames)

f detecting a ra active_source.

anew gr aglﬁﬁteﬁeﬁm é‘faé{giﬁgmrvg tﬁ? PE% malxh%%nel <R eﬁ (Cend gﬁﬁegt@ﬁ Shs
may be coordi 832. e e nonj.

patter’s ERoRY. NAIFS VATFDBE B SEEPPhar %@ﬁ?%%wa%y GIEL b yjmine

that the radloact|ve source.is stll%ﬁnear an

straight toxyspisoRy FHeacdy pyanfipeihe Eadiqagiys SOHTCGs IymARY easgs: dh qempera’s
| ocation of the radioactive source, and |dent|f|cat|oQ

position nadfy e it prsinfelcdif gyt for a sauggedo ibs ‘p@a@ﬁ@m eSQj:;'(aSétl%’lS e.g.
positive detection or radioactivity is nade

on the rocfloli 8 exginestdtioaner Yeting mamidipd ashkort distaneerabeyg a blght’VGX) Images of
wi t hout having to revalidate the alert for

physical q¥pdctd &t@naiby the @segetipepbe ssauety hblp detedline@nd egspivg unpertainties
the source is still present and nay be used for the

in source WcAHHE MTheS@ @it 41 Rarh Bra Hettimapes®IPhydi€hl dBjectSomy beawed waneasure
may be noved by a renote operator, and/or by conputer

the appar&ﬁ RhERhr siZ QS GerfiBABIE FsatuTBYsOR 1P AfaRe Sstibilest dflrhdifactioe source

I'ter their orientation with respect to the

strength. &7%? LOAGHE YBS DM€ Rienti¥fedts SR RIuftel oF aBBNEthe Ralt HiBfAnd fom the
r 'nore near?y perpendlcular to the source, the

camera 1rﬁ§g%g%n mg? Aeflitin! 5‘8& Ffi‘ﬁﬁo Qfeﬁ?e&%ul%%@ ahd'Rs ERVRI Rngth,

SO as et ect nore

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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edge-wi se to the radi oactive source, the gamma ray
count rate may decrease. In this way, a gradi ent
weeear’onsisay be performed either by the canera BOEUSRMG/006914
or by a conputer-controlled search (grid, raster
spiral, or other} In one |nplenentat|on of . th
depositedgplagii eqmparisan éha libmphofienprgios Hey PEURK Pfafl@ng%%ofi}be specific
(averagi ng over a user-definable nunber of franes (for
radioisotopr.aiipdtedSGuify mapbresdported.new gr adi ent search may begin
wi th the new maxi num count vector defining the search
[OPZL] thEuipEe daerarmhayi detectVh epecHicghdibadtiveasurne nT hesdata from each
reached, the detector nay either be pointing straight
camera mﬁ?ﬁ@ﬁﬁ’eﬁyze@r Bdbl @ahdry mayay idstrodted toecangbiuoat intansive aeardes28 to
In many cases, the canera's position may nmeke it

identify t}@%ﬁﬁﬁ? llé()td%iefafnﬂ ¢3hdrfdrRlitsdwiOithdient searble. By @6@8inin} thdBnage
these positions (e.g. on the roof of a train

analysis réstuﬁg ki% %fl C%llngl%t b4 dnglh Hfo%n@ﬁ(gn &h BRebIrcdhBl BB eBtaRRAY €

nages o yS|ca obj ects detected by the

Images frawceggl{ %anﬁ% may Se%%!e& 2 (?ESJP l:a%{em ré'?ln %J cfaﬁf? k¥ fera reports a

In sour oca I on. I gital caner

mos %ﬁg&kﬁm&w@%@? ol %gﬂq%%pag {355kl RO
to make, est.i %es of radloactJve(g ﬁe strg%%n he
towards wgl%%gﬁfpﬁ@ce Hie Chlfergn! CREerag @R HOPSRe Hareny

activity, the car's distance fromthe canera
resulting repewatiomay fcHdatesawesllognm defssmpshar ant may Bﬁlﬂ’é‘? msfapges

and its known |ength, height, etc. using trigononetric
where it is @pbigrdssihisHopthe driadara p sinelscanienite pderatehngteHENGhERFCe

sensitivity nmay be conpared to deternmne if the data
location. &Fte redkdd-locaimingbetht soyrO KohdiTFintivan M}bed‘éé@tﬁottb@alw

the gamma ray in the detector may be neasured in
informatiagdi tion to determ ning the location within the

detector and the tinme of detection. The anount of

[ARE) Die ERRE@SAERLf dRtedtok Bfa Geheririons IndhepaasBalee pémit a re-

i ncreasing ganmma ray energy. Every radioi sotope nay

detennln%ﬁeofﬁ‘adiaﬂs&t'éﬁe SRAGH T BoRpafia WBre di¥a 0N Hbras: values. A higher
Measurenent of the energydep05|ted pl us a conpari son

s1gn1ﬁca1§c% of cbﬁi@cfe?&é’ i éa et gé fRnti®Rd iReh %Egéjrﬁﬁ}eﬁé"blg’cﬁi'ilb@ﬂy &dmbining

e speC| Icr tope. That identity nmay be

analysis E‘?ﬁ"@g f% oné gxl 1%2516 JMeHsplTﬁe ?e‘c&'l[‘g%ﬂ gégg%ﬂg ofﬁtdﬁ)%&l\% source properties

oactlve source rom eac

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

45



canmera may be anal yzed. Each camera nay be instructed
to carry out an intensive search 828 to identify the
wepewioseli sotope and to performits own gradi eaT/US2006/006914
search. By conbining the imge analysis results from
each canmera, additional information on the source_may
inexplicabbheinotitasd eughladecorf ofgfte 58 Andsmethat way fasscopady The
performa gradi ent search. As each canmera reports a
probabilitieséuchraobakbrieds vaishingly smadin Simglagy, 4l detectivpamene in the
these vectors may be expected to converge towards a
JaboratorySexpeieE Edultdd iRGEnifiantdcidedseds shawr iraBIGH 6A-6C, even with
poSitioned in different | ocations, the resulting
very low %:gi'vﬁ gtlrédsi afhe RRY of ﬁt@s'elde%ﬁiv%s GRidsaaoliReSts enpected to be small

termnation and may help in instances where it is

. NQ ' iLOf &nt b OFbR tRrcRO| FadeHaBY sdutes that have
:mrnﬂmmgﬁkﬁﬁgﬁg%§%§%%§§ﬁ$£§”gﬁ§ogrce Pocation. The revised

a disinteg%agi%ﬁkzigg §f Ié?etrw {hﬁﬁsaﬁg Hufis 9511[1}%)1?%1 C%rqlgﬁ%ﬁ % PTEnts se@ﬁ’(g’{?‘ilhreat,

or mat 1 on. T oordi nati on
det t t f i i 1 :
are expecRg e PE NPT BrTagres PLA B 8 an e el Ty RlinBEsThid fssivly
data t th ib .val . A hi i i fi
much furigen, dern e Den s dsiisrar Sig antoibh eirerndteaRi? Md HEANER.

be obtai ned by conbi ning analysis results fromone or
square fallnoffe canmeras. The revi sed estimate of radioactive
source properties may be reported via the alert.
(0394}t Birseffeexafepmetic[fomrsiayterig redusiiedhe prrieigdsolifangls of the
performed with small radioactive sources confirmthat
detector 4t AAgles sthbrahadpapendblay to BMSSIpt alidvofars sipdien SpAITh fobs
to energetic particle inpacts. Control experinents
executedV hisfpYodethate allbes furamadureraents nplotindn tebe megerirossialrgnge of pan-
‘ elimnate fal se-positive alerts fromoccurring. For
tilt (or alft@SlaAnfudl) SEcRb@d¥ Mhe bappaizon bimchacddieoelndithpbmting
woul d have toi nexplicably increase by roughly a factor
direction Provadks aGnx? pABEbIE Y ctididtkctbPthal $ints @R@BEIEe linkheom the current
robability of such an outcone is vanishingly small

location oF 1k Lo%"réeythrclugﬁ t&%ﬁ%}d@we&a@ 8n hﬁn%r hestdIRBeE2 A dnld be

experinments resulted in significant detections as
impossib?eh{:c))\rl\g re{dri]oalc::{i\g%s SOugﬁ%"tg be off YoMl Bides 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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very low activity sources. The risk of false-negatives
(m ssed sources) is expected to be small for

woadimasisive sources of a size likely to represemus2006/006914
vi abl e threat. Radi oactive sources that have a

di sintegration rate of f t housand Curies, sanples
| arge enough to preseﬁ?agwgﬁ%érity threat, are

expected to be detectabl.e ranges at _|east a f
logI ég)]s%‘gjéfla‘f desan awéactﬁéfal%r?%ﬁ &%tg & P@ﬁ‘fr Piicls g ity it
ependi ng upon the degree of shieldjn the air-gap.
gamma ra}}s%(ﬁar@é?)i whendhdeceyre Leaddrgnyhaad @aﬁ’élmgd%ﬂ’ .ga‘t%‘ieég‘]"aﬂ‘?é of
ef fect of geonmetric foreshortening reducing th
Ra-226 cpu eié ghreohagaysiagd arrylbe vged tor@te@@ir@gb@preWC%\%@R@%notFﬁér
t han perpendicular to the source allow for a gradi ent
example,3Rabiehuthe? 1delasgieentuedde AR &2 @uidtgamanataye withfrpain energy peaks
measurenents of activity to be nade across a range of
of 609 kd¥aN1120keV odndal, 164t ketlegamhardys kmittdderytthae fados dechiygroducts. A
conmparison of neasured levels with pointing direction
CCD or G1O4 %eﬁnm_ ustd ePadibet RAtisiesid iedevBcrodudthimta yevietit of
2$fng the |i'ne fron1zg; current |ocation of the source
ttings. "ThHe iid e MRERiSordRhEST REa i beTBRNA. | Mtoakli@tshielilng may be
Selngsltemougﬁhgg |%poss%ﬁfe for a radioactié@ﬁsour%e to G% g
on.one ST i, & ' t Ja@n
used to P VIﬁl?eg%%ot%.frgfﬁ“ﬁ*fg PG AnERTRA b SRUTHI Ry QA feltina roy
. . WO occur exanpl i un '
particle E%Heaeraa?eetﬁz 954 o MRy o bty B RTEA A3 B DAR, e
. be expected t angi in md-air near [
sl RETENLE ,th%%%ﬁﬁj@%}ﬁ%tﬂﬂ@%@vmt ° SRR QO for the
) y he use 0 enuat e the gamm rays .to .
imager n%nyfhe@a@ﬁw%f% chafar 88 eaoh PR Pt ‘? SRAES oIS above a given
ternatively or additionally, data from nearh .
threshold auere beusedus irigécatestbe Dresenge 06 BHIMA T3 Aoy TagiRactigsource in the
material source |ocation. EXAMPLE 5 [0125] Radon, a
meabeh@ﬁgﬂyiprodyft of radiun}%26 emts an al pha particle
and may emt gamma rays (Ra-219) when it decays. Lead,
bi smut h and thal | i um dEEaMRIdught er nucl i des of Ra-226

can enmt gamma rays and may be used to determ ne the
[P1263 &m o okmRkddien ifieger 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/SiO, 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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exanpl e, the bisnuth-214 daughter nuclide of Ra-226
emts gamma rays with main energy peaks of 609 keV,
wa 2020758y, and 1, 764 keV gamma rays emitted bpCcrius2006/006914

radon decay products. A CCD or CMOS imager may be used

to detect Radon and its decay products in a variety of
confidencedtld) §st evEh heisphariznl magelbeesyl aotstciallenignatsat 2811 08 meeker

to be tested. Optionally, shielding may be used to
distancesprovi de a control. The data fromthe i nager may be

anal yzed for high energy ganma ray particles to

determ ne the identity and nunber of counts in the

tested area. Alternatively, the capacitor connected to

t 86 &dnsfdalabRhREglewith
m?%%%‘gg tl?egﬂr}leétefﬂ Bberdtda haQQ&\ﬁQfeEéilb'é ngideral dlewi

he i mager be measured for charge

reference3$ Vgr?a(%{l] ngggf'%l ﬂ?egts tﬁergglaE)@x@r Rrsid ér@?@ssﬁal?@vﬁle@efore the

e used'to 1 ndicate the presence

f.r
st anciSepP B %”}%‘E‘é%‘l’ 5308 ekl o1 BR profre

i mager_ det.ect.or e.si gnal generated by the detector

VﬁsmnsF§“¥H%YW%@H@Psﬂﬁcﬁgﬁﬁﬁlrays i mpi ngi ng upon
silicon/silicon dioxide CCDs. A prelimnary study of
the gamma ray interaction and energy deposition into
Si/Si 2 CCD detectors was undertaken and it was found
that these devices were capabl e of successfully
detecting | ead-shi el ded radi oi sot opes. Mddels of two
different geonetries, representing the extrenes likely
to be found in realistic field operations were
studi ed. One nodel involved thin slabs of source
material, mnimzing ganma ray self-absorption; the
ot her nodel was a spherical distribution that
maxi m zes ganma ray sel fabsorption. The sl ab node
results supported nuch higher detection rates,
di stances andconfidence-levels, but even the spherica
nodel s result in detectable signals at 20-100 neter
di stances. [0127] Al though the present invention has
been described in considerable detail with reference
to certain preferred enbodi nents thereof, other
versions are possible. Therefore, the
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spirit and scope of the appended cl ai ns should not be
limted to the description and the preferred versions
woant7arsed Wi thin this specification. CLAI M5 VWhRCTiUS2006/006914
clainmed is: 1. A systemconprising: at |east one high
energy particle; at |east one inmager, wherein the
I mager conprises one oﬁlﬁgpéspixels that are capable
~of interacting with at | east one high energy particle,
What is clgeedsish t he i mager is capabl e of relaying information
wth reference to the interaction of the high energy
par th. c Aesysiemicotipasipexel , and wherein the i mager can
simul taneously obtain an i mage; at |east one processor
i n cahemstonedt ghosmexgiytpartiches at | east one i mager, wherein
the processor is able to determi ne that one or nore
pi xedt $eakipote inagee) witdreid thd intagth@ngtriskeast oramere hixgls that are
energy particle; and an output device, wherein the

capable onrE&@é’cﬁ% with dth@sBdnelh@@séneyepahiii@é) varedifyhefidlagérds €apable of
reported. 2. The systemof claim1l, wherein the at

relaying igﬁﬁﬁlﬁti&p@ith PHGRhcd 8 tiIRGhREdcAEn bE &%d@@%n%m the pixel,

etectors, charge coupl ed device i mager s,

and whergigqpé ﬁ%@lt @ag\ysi {aﬁleougg} Sfaif G GERduUct or - ((CMOS)
I'magers,” and sil1con-dermani um gér mani um
siligqgn-on-sapphire. indj [] ..U i de: .
O SRR LA BALL AL BB s, wheri e
substrate cantai pi ng i magers, .and. conbi pati gns .
processortgh s ST oLy LE BT BElS VM RAFLI i Pl Lt one bigh
| east one hi gh energy particle conprises the product
energy pagficlg; &ur ce of high energy particles wherein the

source of high energy particles conprises a source of _ .
nucl @aputg@t@@ylcg,fw}r%p theqreseace gfithe atdgast one high energy particle is

reported.

2. The sfstem of claim 1, wherein the at least one imager is selected from
pixilated photon detectors, charge coupled device (CCD) imagers, complementary metal oxide
semiconductor (CMOS) imagers, and silicon-germanium, germanium, silicon-on-sapphire,
indium-gallium-arsenide, cadmium-mercury-telluride, or gallium-arsenide substrate containing
imagers, and combinations thereof.

3. The system of claim 1, wherein the at least one high energy particle 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
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4. The systemof claim3, wherein the source of the
hi gh energy particle is selected from anbi ent
woadi7arsen, radi ati on from natural sources, ra#BCDASRIN6B06914

mat eri al s, nucl eardevices, dirty bonbs and nucl ear

weapons either before or after detonation, andcli o
devices, dirtyrtvinistand mcledrareapgns efherfreforg o5 afkgndgtonatiop, gndicombinations

wherein the pixel produces a signal when the at | east
thereof. one hi gh energy particle strikes at | east one pixel.

6. The systemof claimb5, wherein the signal is

pr opor Thosyalen of cldie lenkegin thé phichprodwress gyigpalrwhepl thaesat least

that strike the pixel.. 7. The system of claimb5,
Onehighéﬂ@f?}ﬁjaﬁi(ﬁ@ﬁﬁﬁ&gﬁwagioﬁe§IxreDngel‘ than that of background

radiation. 8 The systemof claim1, wherein relaying

| nf qf mpf,d %teﬁf)m&iﬁleﬁ whe @Y sipgalde pfopeiohilao itiegergy®f high

The System of claimdi, wherein the processor

i.d | fi sgurce of the radioactive material. 10.
energypalilhcze%;d)}%tsgﬁegﬁ@%?ai'm 1, wherein the at |east one inmager

i's apbleg to pan mher el AIUNale R & Sifr fiah fat Bbackground
abofﬁ’J ih?/@?s "1“%;%"1%%&‘. és%@\%&?@?%lg(%?ﬁgi rﬁg cgrrpri ses &
.. rotating about a horizontal axis. 11. The system of
radiation.c| aj m 10, wherein the position of the source is

tracked by the at |east one imager. 12. The system.of.
cl ai$n The syt ef flaiphk WerqiR fly g iR ormayen CWI{Sﬁseglspﬁymg
conprises a thin square of pixels wherein the
dots on tHeiikw@gé-hood of a hi gh energy particle striking the thin
square of pixels is at maxi mumflux when the thin
squad.e The spitsrepEclpisn pervlsesintheuiragessas idgnalisuihe s@wes ofithe
hi gh energy particle, wherein maxi mumflux conprises
radioacti¥eh@ate®adi mum probabi l ity of a high
10. The system of claim 1, wherein the at least one imager is able to pan wherein
panning comprises rotating about a vertical axis, wherein tilting comprises rotating about a
horizontal axis.
11. The system of claim 10, wherein the position of the source is tracked by the at
least one imager.
12. The system of claim 10, wherein the at least one imager further comprises a
thin square of pixels wherein the likelihood of a high energy particle striking the thin square of
pixels is at maximum flux when the thin square of pixels is perpendicular to the source of the

high energy particle, wherein maximum flux comprises the maximum probability of a high

energy particle striking the thin square of pixels.
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energy particle striking the thin square of pixels. 13.
The system of claim 12, wherein the likelihood of a
woizgit/essi gy particle striking the thin squarePof/UuS2006/006914
pi xel s decreases as the imger is paned and/or tilted
away fromthe source of the high energ article.
The 13y Ehasysism eff dgim 12 whegeiy the ﬁkﬁlﬂ@o‘é Pg% g@é‘&iﬂefﬁéé Pf“é%‘%
a gradient search to determ ne the maxi mum fl ux,
striking thetEineiwereofjpiaelis datreasensscthe teager ispesedpnidiaridied pway from the
novenent of the at |east one inmager horizontally
source of @edfight encegyt pagiddley until a position of maximumflux is
determi ned. 15, The system of claim 12, wherein each
i mager Thé syisteen of dlsiad 12, whefeiri i gricsssosparfypal agrafient search to
concurrently prOV|d|ng i mges. 16. The system of claim
determmeLc%e rﬂ@lﬁﬁﬁﬁh Buk "Ohébinla8Rsdier® BGrd N RERIis6PMPIh S 8% nfovement of the
plurality of 1nmagers wherein the processor perforns a

at least orgar ﬂ%& r}xg &‘gﬁlg)FarM VRIEATHIRAS foliBoRBX akiMufnh B¥x fsxdetermined.

I mager concurrently. 17. The system of

Cl al 13 %ﬁe g_\ﬁp%{e 8f aaﬁﬁ‘ﬁz ﬁ%ﬁeﬁ? h 11‘1‘19%‘1\‘ Bﬁgggﬁ&r}ﬁht&/ of i 1magers is

ref erénce X of eac
deo i mges of each inmger to

capable oﬁé‘fnﬁ}lﬁfrﬁg' Rrﬂ‘él ngl%@:a§esp03| tion of the sour ce of the
the. o Re SR AT GRnb R s e b e ong S EPRRbARS aBlugaticy

i mge where the maxi mum fl yx and the es intersect.
of imagers TR PecEOB PRI S ARG E Fhoka i A1 g gy flux
i mgers are selected fromsecurity caneras, traffic

for each ipdiveiuakimagergonruredliyer as, CCD, CMOS cameras, nobile
| aw enf orcenent caneras, cell phone caneras, thernma
i nf r bt e systen a claimi 1 6.ovisreva thepnerserion peusurrenty references the
systemof claim 16, wherein the plurality of imagers
maximurdflex bH¢aeh tnagee ahé the phOtogitpbicsyd vilep arhagds af rachGmager to
wherein the likely position of the source of high
determin€ R NB¥lypakitios b€ theissuw@de b Lhahiphknens paitiche, Wheeiliye likely

foll ow ng novenent of the source of high
position of the source of high energy particles is an area of each image where the maximum flux
and the images intersect.

18. The system of claim 16, wherein the plurality of imagers are selected from
security cameras, traffic cameras, transit cameras, CCD, CMOS cameras, mobile law
enforcement cameras, cell phone cameras, thermal infrared cameras and combinations thereof.

19. The system of claim 16, wherein the plurality of imagers are interconnected.

20. The system of claim 16, wherein the likely position of the source of high

energy particles is determined over time thereby following movement of the source of high

energy particles.
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energy particles.21. The system of claim19, wherein

the plurality of imgers obtain inmges oi toe likely
woasiTiorsis1 of the source of the high energy par PCTIUS2006/006914

wherein the imges are concurrently evaluated with the

cont.i puousl| r.f.orned.qaradj reh. =10
¢ netis3hif Setal B G R bE BuRfF of Lne oA it o1 e
) fromobjects jn the ingges.qs_the obj ects nove. 22.
likely positioneofdhetawrsesnt Ty el roerey BBYEP n the objects are
selected from ani mate and_i nani mate objects, t or
vehwherreig,th%mqspaafé@nwrér%?Vaélij*gf%a‘vﬂb‘g{ﬁ§9mﬁ&9§g¥ performed
ani mal s, buil dings, vegetation, |uggage, boxes, bags,
gradient sehwhgdelgs, briefcases, mail, and conbi nati ons thereof.
23. The systemof claim 21, wherein the inmages |
conphérsia thdisountt dfahe bigh energnpartiélenisjseleetsd fomptagptoin the
the i mager wherein the object conprising the source of
images as t®bfec@lmeRer gy particle is located. 24. The system of
claim1, wherein the processor is selected froma
CONPUEE sysled o 8Rirh PROGhAIEID EiRSShidcEs e belomed froml animate and
combi nations thereof. 25. The systemof claimi1,
inanimate %{5)‘%&?,' rHoth@‘eﬁl(?dfés? Hili‘plgﬁéé! &&ind, §ul§@iy§.‘é¥s,e§edpﬂé? Fhiihlg loaildinhgs,
system a photographic or video inmage; an i nage on a
ion PRI ¢ i Hicades B84 RAN@ BEmERLionsahérast 0
vegstaion REdel borE B L dbeBD Mt PO PR ot o
of l.m 1. whereinth L ea |5 ENE6EY; ixing of
par #2@5 Sygelﬁlrogﬁ Saé%l 1b\$’h%%18 Iﬂg%?ﬁa&géggoﬁr%g s used to el
. . identjfy radioactiv terials .that ar
objectsin i HiCBTEARE Gy pan s Beq cogpisibg B Pufehl B pL Gty
wherein the source is shielded. 28. A nethod

particle isdes@f$fli si ng: characteri zing one or nore pixels of an

i mage for interaction of hi%h ener gy
24. The system of claim 1, wherein t

e processor is selected from a computer, a
video image processor, a human and combinations thereof.

25. The system of claim 1, wherein the output device is 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.

26. The system of claim 1, wherein the at least one high energy particle is
produced by nuclear decay and is used to identify radioactive materials that are the source of the
high energy particles.

27. The system of claim 1, wherein the source is shielded.

28. A method comprising:
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particles emtted from nucl ear decay of a radioactive
source. 29. The nethod of claim 28, wherein an imager
weeb@awedifrom a charge coupl ed device, a conpbPem@ISR@sH06914

nmetal oxi de sem conductor device, other sem conductor

substrates, for exanple, silicon-gernmani um gernani um

si | | comctmiziwgmphior MOTd pidela nf eainkaga ferdnisestiorof high energy

cadm um nmercury-telluride, or galliunmarsenide
pmﬁcks&mh&ﬂﬁhﬁmsudamﬂﬂgymﬁaymﬁ@%ﬁwgmmuw.be used, and

conbi nations thereof. 30. The nethod of claim 28,

wher 29 ITHe hgsticidifedthi2gewhadines inaparstieesd fompaélmagdt ionpled

mat eri al, radi oi sotope and conbi nati ons thereof,

device, a%ﬁ?%n&?ﬁm@iaﬂ@xﬁ@%Morﬂﬁl&folr aé8cd, Sth@ﬁieﬂﬁ&&@uct%ﬂsubfﬁﬁes for
| ai m 28, further conprising determ ning the

example %glf&%geﬂﬁgnﬁg,gg gl%‘lalﬂ mASHEGE & sdpphifte, %ﬁlﬁﬁrﬂygaﬁﬁ{rﬁ-hﬁlaﬁae

alm 31, whérein the nunber and

cadmlum-mercg}éh% lultl&e OId ga%ﬁﬁ}n %gsep a8 Igul?s%{eg Yo ngﬁlléaq%s))t(}lée? s ? 3? 1hlseed,

the one ‘or

The nethod of claim 31, wherein the change
andcmn@ﬂ”gﬁﬁﬂ&%‘ﬁs quantified to detern1ne the type of the

radi gactive erial detected e nmethod of. cl ai m
28, whethsimet g‘ﬁ’; a?r%r sheren th Fﬁdﬂ%"c Yfi YHEE BEPEGSh
an i mage prOV|ded by the imager. 35. The_ nethod of
radioactiy¢ miaierizB radiieqtenerand Sembialiaes Beeolat e B GRORN @article s
i mage provides visual determnation of the position of
detectedt he source of high energy particles. 36. The met hod of
claim 28, wherein the characterization further
conpBi sBs ruétbakefimjpiing?s, fiathee cpupisingdetetatiniog thsmugfber pred
hi gh energy particle.37. The nmet hod of claim 28,
energy of@e@edhighendgy paticlen of a high energy particle by the
i mger further conprises an alert.

32. The method of claim 31, wherein the number and energy of the detected high
energy particle is based on a change in charge of the one or more pixels of the imager.

33. The method of claim 31, wherein the change in charge is quantified to
determine the type of the radioactive material detected.

34. The method of claim 28, wherein the characterization is further based on an
image provided by the imager.

35. The method of ciaim 28, wherein the characterization based on the image
provides visual determination of the position of the source of high energy particles.

36. The method of claim 28, wherein the characterization further comprises

checking for false positive detection of the high energy particle.
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37. The method of claim 28, wherein the detection of a high energy particle by the

imager further comprises an alert.
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