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potential exposure to the imaging radiation and,” (3)
gamm%?r%/ #hhbing. There is a balance that must be struck between the desire to check
the contents of vehicles for illegal and/or potentially hazardous materials and the desire to
protect the drivers of the vehicles and to minimize the impact of the investigation on the
flow of commerce.

[0003] Currently available vehicle and cargo imaging systems, particularly those
directed towards the imaging of moving targets, i.e., trucks, etc., utilize stop-and-go
procedures that require manual control of the scan process. For example, current systems
require the driver of the moving target to (1) stop the vehicle in a scanning zone, (2)
certain systems require the driver to exit the vehicle and go a safe distance from the

scanning zone to avoid potential exposure to the imaging radiation and, (3) certain

systems require the driver, or some third party, to manually initiate the scanning of the



systens require the driver, or sone third party, to
manual ly initiate the scanning of thevehicle. Further,
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driveronat @d the secopdtrefficougrsi, dehidf istrbdbatvblsipoirg. 0bE Jergert'od the first
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driver is ready tfor his vehicle to be scanned. The
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operator console and the shutters 8"t he canni ng
source. are opened. At this tine, t econd. "scan”
enedeBi 1 s PRTGRE Chs f e n P & o YR iR gfipanet
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automatically close the shutters to the scanni ng
opergon corsoledotiffiing thgodperator that the daverierpady forthiair¢hiele to be
signal turns green for another vehicle to proceed to
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operator panel lights up and the operator can depress

shutlef€toltHE LQRANHE sEMROER dpRBed. N i idlistumd, fthCsce bR Bdcah T @APAE §@ht
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area, sensors detect the lack of a vehicle and automatically close the shutters to the
scanning source. At this point, the first "enter" traffic signal turns green for another
vehicle to proceed to the driver arm. Lastly, the "Exit" button on the operator panel lights
up and the operator can depress the button to change the third traffic signal from red to
green, thus allowing the vehicle to completely exit the area. This whole process takes

approximately 20 seconds for a nominal scan.



approxi mately 20 seconds for a nom nal scan. SUMVARY
IHo i N V I NHUM Sunmary of the Problem [0005]
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to at |east the follow ng enbodi nents. [0007]
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i nvention, described herein is an automated target
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radlatlon source and a radlatlon source detector. The

system further includes a first sensor conponent for

automatically sensing when a first portion of the
Summepy pthe Soldionnas passed through the scanning zone and

a second portion of the noving target is about to

en{@06] fbe praenmtiingentiondesontbes 25 ystanhend method emmswematically

conmponent sends a signal to the automated target
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portion upon sensing that the second portion of the
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the direction of the radi ation detector when the
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the scanning zone and cl oses off the radiati on when

deteatpre The system further includes a first sensor component for automatically sensing

when a first portion of the moving target has passed through the scanning zone and a
second portion of the moving target is about to enter the scanning zone, wherein the first
sensor component sends a signal to the automated target inspection system to initiate a
scan of the second portion upon sensing that the second portion of the target is about to
enter the scanning zone. Additionally, a shutter, triggered by a signal from the first
sensor component, allows radiation from the radiation source to pass through the
scanning zone in the direction of the radiation detector when the second portion of the
moving target is passing through the scanning zone and closes off the radiation when the

second portion of the moving target is no longer within the scanning zone.



second portion of the noving target is no |onger
wi thin the scanning zone.iuui)8 According to a second
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i nvention, described herein is a systemfor
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zone; means for sending a signal to the automated target inspection system to initiate a
scan of the second portion upon sensing that the second portion of the target is about to
enter the scanning zone; means for opening a shutter to allowing radiation from a
radiation source to pass through the scanning zone in the direction of a radiation detector
when the second portion of the moving target is passing through the scanning zone; and

means for closing the shutter to shut off the radiation when the second portion of the

moving target is no longer within the scanning zone.



noving target is no longer within the scanning
zone. BRI EF DESCRI PTION OF THE FI GURES I n the Figures:

W@ 0@10984bi gure la is a first view of a non- st opCT/US2004/031725
automatic sc [ L 0 di ment of
t he present ?@%@ﬁggbﬁ?‘%@@@ﬂ@?ﬁ?u 4% a second
vi ew of _a non-stop autonmatic scan system according to
an leHsddewest of the present invention; [0012] Figure
2 shows a detector configuration according to an
entiohdFigurefl atibe fpstesentof h mopstopomforif@1s8hn Fysgam ec@ading to
shows a non-stop automatic scan systemwith a first

an eibadiid it Opthé?ﬂé%@ﬁt ifdHitiogur ati on according to an
enbodi nent of the present invention; [0014] Figure 3b

Sh‘P(Wﬁlf‘th%nbsl'iﬂQa%’:’Joﬂ Bhdve 0P £ fbn-Si6p LIk Resh i}@f&?{pgccording

start/s sensor configuration according to a
enbod|. ment the present .invention; [0015] Figure 4a

o an} gntl)%oc{"?’?g&o@F%We8?‘]?énvfﬂﬁ?'{’er nmechani sm according to an
enbodi ment of the present invention; [0016] Fi gurg 4b
i s [0012EEigre\s ehovesta deteHAT eI GHERIPAMCSHRAC oy ¥ Agbegment of
an enbodi nent of the present invention; and [0017|

the prgsgut i@vergiang a third view of a shutter mechani sm
according to an enbodi nent of the present invention.
DEf08I1B ERidr&GRI SROWEN fdn-skbji- aiiBifabiRIsEdn SSVBODWMENIT Brst start/stop
[0018] In addition to the description set forth

sens niﬁ%hl_taltiﬁn Q@Jo‘?&ﬂn% RAEEADSdifRhEdf (Re Bt"égerf@ &Sehiigt;i ons
for various aspects of the preferred enbodi nents are

SefOOflgf Hbu'rg §lt]eshows a non-stop automatic scan system with a second

start/stop sensor configuration according to an embodiment of the present invention;
[0015] Figure 4a is a first view of a shutter mechanism according to an

embodiment of the present invention;

[0016] Figure 4b is a second view of a shutter mechanism according to an
embodiment of the present invention; and

[0017| Figure 4c is a third view of a shutter mechanism according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] In addition to the descniption set forth explicitly below, numerous details
and descriptions for various aspects of the preferred embodiments are set forth in the

following United States Patents and patent applications which are incorporated herein by



following United States Patents and patent
applications which are incorporated herein byreference
WO poosioes4nl entireties: U S. Patent No. 6,255, 65BCT/062004/031725
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individually as 15). The preferred enbodi nents of the

10/7p7,632 fur DENSITY DE TEQIION GBS BNG REAL TIMEIK SKRIEHE RHIDFON
novi.ng vehicles 15a, 15b, 15c, etc., w thout the need

COUNTM@POREAYENOVENGTTARGE A RASaANMNG manual | y,
thus facilitating increased rate of the flow of
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ruck, train, etc.

. __enter the scann zZ

et rpy s £ R PQPS‘&VC'\VEHF@} HahBfE g JBTRT H@agz%@%fa“‘ems
i s defined by the s ace between opposing source. and

of mging darget \tebwiqsse g5] @dSbDbiCaF%(r? gad & hgeindpiiyidually as 13).
enbodi nents of the source and detector towers are

The presarddzatbodmeteoHibt prisentamentipp Ficdintiedaske-baddscaboug of
whi ch are incorporated herein by reference. By way of

movgarkPicks IBE,elﬁi;)lJSC,%td; Ovigtiou? themeyd tonabplide aehichelaad indtinte
source suc

scanning manually, thus facilitating increased rate of the flow of commerce. The system
of Figures 1a and 1b allows the driver of a vehicle, e.g., van, truck, train, etc. to enter the
scanning zone 20 without the need to stop or exit from the target vehicle 15. The
scanning zone 20 is defined by the space between opposing source and detector towers
25, 30. Details regarding various embodiments of the source and detector towers are
described in the patents and applications listed above which are incorporated herein by
reference. By way of example, the source tower 25 may include a radiation source such
as a 3.7 x 10'° Bq shuttered source of Cs-137 gamma-rays, i.e., 662 keV gamma-ray

energy. In an alternative embodiment, a Co-60 source may be used. A suitable source is



as a 3.7 x 10 10 Bg shuttered source of Cs-1 37
gamma-rays, i.e., 662 keV ganma-ray energy. In an
w@bdosnysavi ve enbodi nent, a Co-60 source nmay bePUBEES2004031725

I Sr Y | |.abl Model Nos.

ool A Bl 4 S P o inr ome
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speci fications. [0020] The radi ati on source provides
opemjagnpecifapponhat are only noderately attenuated by

steel walls typically found in tanker trucks or

r aifb020q.d heasdiatiofedousdeqfio vidySganiraa-says that asndrly moderately

attenuat ed by contraband packages to nmake themeasily
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[0021] An exenplary detector tower 30 includes a
relatgies matenal densitiys thigeafrogmn egditian,ghaie i negligidie seiatjering of the
efficiency gamma-ray detectors, e.g., between twenty
gamaiackagienérgy fiongthe thrker yals glhcta,rgc!j etuehtless shaarwarldedcurnf ahigh-
vertical colum. The detectors make it possible to

powéﬁ@&,%p%o&aég@guﬁﬁggple with a very lowintensity
ganna ray field. In order to facilitate the use of
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ect s are us as are avail abl e as

5, Nal T um i odi de cr
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from BI CRON of Chio. Such gama-ray detectors are
fortyseight dpteelorsairapgemhtnet varygnd C@Ilé‘f‘é’c f b? detgeiprsapakedt possthls 19
di aneter, 3.8 cm high and nmounted on a 3.8 cm

scanph@tamgd'mblnmbl Wigh a verlydo W PVEDSity] 20 R2q-rasl ltedd. datordes |ty | facilitate the

1.125" (2.858 cn) square detectors may be used with
use 6M\&ry low intensity gamma-radiation, high efficiency detectors are used, such as are
available as Part No. 1.5M1.5M1.5, Nal (T1) (sodium iodide crystal, thallium activated)
(with R2060 photomultiplier tube) from BICRON of Ohio. Such gamma-ray detectors are
scintillation counter-type detectors and are 3.8 cm in diameter, 3.8 cm high and mounted
on a 3.8 cm photo-multiplier tube (PMT).

[0022] Alternatively, 1.125” (2.858 cm) square detectors may be used with the

number of detectors used in the detector configuration ranging between 40 and 180,

depending on desired resolution requirements. Referring to Figure 2, in a specific

embodiment, the detector array includes a plurality of staggered Nal/PMT square photon



nunber of detectors used in the detector configuration
rangi ng between 40 and 180, dependi ng on desired
WO e®ohus4don requirenents. Referring to Fi gure PCT/US2084/031725
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( Z of the staggered detector elenents 100. Two é@)
vertigal roms Y of gaggeredgietesiorglrancads HIO e epplayednastead eppsiagle row
enpl oyed, instead of a single row of detectors. The
of detegsofs2) Theetwd @aertioglsroRs & e vertickidnbthggasedfgareadh bthemThe
each other. The pitch P between two (2) closest
pitclafjbasedeh ta0¢h) déRgoRlRenRtRelagiered e6TeNdSeldMEn@EY0 may
pref erably be about O 7, mhen enpl oyi ng st aggered

prefgﬁﬁﬁl(l}eoiboﬁ Ee Wh%nl: Ferekt éegéztor(egcrﬁéﬁ ?6‘@ having a
di afeter, thereby y| ng a count rate
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source. of exa Ie his ch P results in a
for egeh f%%ﬂrec{ %@?ﬂte&qlaﬂ?mg i léfe%@ﬂ ﬁtoas aﬂ-QgﬁEvae (r8il8 7 gpurce. By
about 0.23" when the radiation source is a distance D
way of ex@npledhisfpilchmPtrasulistinggertisal rgealvidern Ryel asrverficahgad tipig of
radi ati on source is a distance z of 8 feet (2.4
aboutr®t28t' syheh tiomadiaciemnt@ircOfs at digamme\d 0616 foeg&onmvidbistalgered
wherein Rvt;rt = PzZ/D. [0023) The staggered detectors
dete@Bﬁeléh@&%ﬂQﬁe fad b8 36kt cOtshBdistaficedy, ¥ te@l 4 ﬂiefe@%tﬂdma
yet their surfaces of each vertical rowall lie i'n a

centé%'f‘?heolln@g% gglr\%m/cv\ﬁ\\(/ﬁérgfnqg ,SDW ng fromany other

staggere ctor e enabling a smaller pitch P.
ferri 0 Fiqures 3a | east one
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zone and is used to determ ne when the cab or
direchonyt saisyisiigrsrofgpeny aticyl ey allflicdn ases plangaldietsby aneiding
the scanning zone and the payl oad 45 of the target
shadyehigclren 16y bheesthggareipdditntorselsibnémylizpaemalBngetchive
start/stop sensor 35 senses the payl oad
[0024] Referring to Figures 3a and 3b, at least one start/stop sensor 35 is located
prior to the scanning zone and is used to determine when the cab or driver/passenger area
40 (hereafter "cab") has cleared the scanning zone and the payload 45 of the target
vehicle 15 is entering the scanning zone. Once the start/stop sensor 35 senses the payload
45 has entered, or is about to enter, the scanning zone, the non-stop system initiates an
automatic scan. The start/stop sensor 35 may include at least one of optical, electrical,

pressure, video technology or the like for determining the start/stop points and automatic

scan initiations as described above. More particularly, and by way of example, sensor



45 has entered, or is about to enter, the scanning

zone, the non-stop systeminitiates an autonmatic scan.
wabmsebsnt / st op sensor 35 may include at | eastronesmn4/031725

ical ectrical SSur [ e} t
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sensortecnnoi ogi es may be enpl oyed to count axles
to thersepmtingreensiand 13 shove pheclevel et ingsw e 4t amaltarnaiive

payl oad 45. In Figure 3a, the at | east one start/stop
embsdmsat sixbvi m Figaed Ha the start/stop stimer 38 anlocatgd nathén anbry sear to

above the level of the driving surface. In an

the RS Batdcke IS THROSH BRI s Matehddr HagWedudMe $MBe driving lane or
start/stop sensor 35 is located within or very near to

P Chi .
scrubfiirhe HDeTHic FEF hat Tl el RERAEITENEn BB COE e
riving | such that the target.vehicle is driven
starlgReaeRy T e ha et 4 ey rBrsinte B Vo8 selien ed 1 n
the art can appreciate the various sensor ) )
configyintiong that iwadd bheansidstaddo e vabws thgseenrs efghppresgnt ppyention.
the scope of the present invention. [0025J Referring
t o [(025) Referdag dcFigunesada-¢qinoan embodiofent dfghp pesenttinvention the
invention the automatic initiation of a scan includes,

auto MAEB thi QARET o ff 2B MR Fude§, ARtdn@| dthdh Jeaturs ) Ubh @6 11iAg @Rt
including a fast shutter nmechani sm 200 |ocated in the
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to ‘open a ow radiation fromthe radiation source
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~conpl ete payl oad scan, i.e., including the beginning
millisghgads betwrenpigiecbeao!l thhaickteandibe paylged by disistdrtstpp sensor, so as
nmoving, i.e., at speeds of up to 10 mles per hour,

to alleivt for aeonplletopeyladd segn,riandecloding dteviegmninglé geplf theByayload,
way of particul ar exanple, the system and nethod of

whilt B tRfoe6edMicl MaBtiheN.d atkhdciabesy @ foantieSpaithbaF, with normal
opening time on the order of 50

operating range of between 5-10 mph. By way of particular example, the system and

method of the present invention facilitates a fast shutter opening time on the order of 50

milliseconds or less, preferably 40 milliseconds, to allow the shutter to fully open after

the cab passes the start/stop sensor when a target vehicle driving at 7 MPH proceeds

through the non-stop system. Further, based on the data from start/stop sensor, the fast

shutter mechanism is controlled so as to close the at least one shutter at the end of the

payload, before a second target vehicle enters the scanning zone. The time for the fast



mlliseconds or |less, preferably 40 mlliseconds, to
allow the shutter to fully open after the cab passes
w0 besebsant / st op sensor when a target vehicl e dr@wUSDOEO31725

7 NPH proceeds thyou t op sy, Furt her

shufirdB 15 f <aapile o St O 82 55° AP T lsecondy preferably
shutter nechanismis controlled so as to close the at

on the geder ghaS&miltisaspendst  Fhrclatierlesing Wae peflactaidesiyed gaficgpattern
second target vehicle enters the scanning zone. The

of vehinkes alowingedof atdeshld feer off mpatsebdtweerf tie paykap Itmjlingredge
the order of no less than 100 m|liseconds, preferably

and@l!ibkb@n?%@@d’oﬂﬁeﬁé@tﬁgéﬂv‘eﬁn@&onds The latter closing
tlne reflects a desired traffic pattern of vehicles

g@m OrHeFast&hut e‘?ﬂ?etcha’cl]'gsrﬁ %ﬁf égfatfe% tlfngﬁlrd.gfgitu‘égﬁpﬂdmg

payl oad trail1ng edge an the Ing e

t ve r ani,sm
b‘Oﬁﬁ%tO-ffzb A5y af Elksfodaghht pilke aé‘(r*?ta? §§ S TR
220 driven by an electrona netic pulse actuated by a
Whepthisnbutierais § e hisiiing block 120 pasrates to Pté@wate the
the shutter shleldlng bl ock 220 operates to attenuate
radiatihen sosdicat. ¢.pgarsiwa s@uecd, tewjthgeaeneptaide exsutedewvgls.nImboth the
accept abl e exposure levels. In both the open and
opeis hib €ldsdaqsisitiodNthe thiefi genfongifitied shattendhidihimg Hiodkt 230 provides
shi el di ng bl ock 220 provides shielding of off-axis

shield@sl 8f 6@ 'axﬁ)fbdlbt% G D AR (IROGLEE BREIUTY! Yn a beé}‘red
preterred enbodi nent, “the shutter shleldlng | ock

embﬁ t%ﬁ }tlutﬂtggﬁxglﬁ%llg\@mlﬂ coml%lisgsimgéﬁ? éno ﬁ@?&é&gﬁoﬁl y
230 inclu ctromechani c | enoi and
appr%%atslpfér‘gmchﬁv@dgcéﬁ heth &P fesms? poi fsssea?biﬁagﬁuaﬁlw{%é two
el ectronics 237 to pull the shutter to the open .
elecpomipehianiral sHenoids 23Aaiand 2 3Hsepasstingagsherandgsonptel ysolenoid

open the shutter and allow radiation fromthe

drive adt@bnion2 ¥otorpud thoshaxer totthe opeptposei@m dierstleneid? 205a and
i ndependently in the case of the failure of the other.

2350 BieSsi Qb 8Pen thB oM er bREMIdW R@idtdndrcmh tHEhdMtish OMREe to exit
shutter opening time, avoids system shut

through beam aperture 210 independently in the case of the failure of the other. This

design, though resulting in a slightly slower shutter opening time, avoids system shut

down altogether. And as described further below, shutter diagnostics will report the

solenoid failure, i.e., the slower than normal opening time to the shutter mechanism

control system and alert operators to the need for repair. Referring to Figure 4c, a return

spring 240 is used to close the fast shutter 210 in response to the start/stop sensor sensing

the end of the payload. The return spring 240 is sized to provide enough energy to close
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down altogether. And as described further bel ow,
shutter diagnostics will report the solenoid failure,
WO 25/0984be sl ower than nopnal opening tine to P&EUS2004/031725
the %u&'tte{ﬁ]rleﬁﬁ %;)P%?)(el%gl{%l); Qwel']”l}e/l?lge% @ggetg’!o? ;OV(PCP ex%gs% 181'06
rreturn spring 240 s used to cIose t he fast shutter
required 1 APEIEYISS @@”@6 the start/stop sensor sensing the

end of the payl oad. The return spri 240 is sized to
pr dOOHR Adibiepallgnasrsgowinan Figwses Jrea g namstpe sgstam grpy
approximately ) mlliseconds, yet not provide excess

include atdedseopt mediktibo sapensd, heclﬁduﬂt least dhtQate nD&7 for sensing the
Additionally, as shown in Figures 3a and 3b, the

level3TFradiaRos Y 2L, @amARYorixOGl UsRsiadd of Ba8bn MRS of B sRhrdRz zone 20
sensor 50, such as at | east one rate meter, for

as a?ﬁﬂé&tﬁ% {‘a‘z’;%e%ﬁl Sad] of é?tg ﬂbg&!ﬁ‘nod m@chan@ﬁx”f"s"?n%régq Eygé(t'least

& “Confines € scanni ng zone
rotective asu arm or ot on .
one Fidtizi iisor S04 Mg Aoy S Eagtd She ?‘d ERATAFS gy jhe potential
sensor 50 to alert drivers, passengers, and other 3r
for rpdiatipe sxpasuretia throarenerioand gash SEAIng 7996 28xposure in t he
area around each scanni ng zone 20. [0028] The shutter
as 4023 \I hdsbuttdrbestnivdy désaribed Iereiesypdtespcot tortbe preferred
preferred enbodi nents of the present invention also
embb8iGheHELST the E@lséns ah@nOPehled iMttuddes ifgRafewperaging dEhEn therein
| east one shutter fails in a closed condition us

the aqnénlé{61{Egsh§ﬁ%leﬁ1¥ofr{aoab&9§:%h@lltlgn r atshfq%@afggﬁrw 8bﬁnble

he event o r exanple syst em po
stemerror r_failure. Furthe the contro
radn%é XRO§UIE 1 tﬁg eg?{at #"ef%r %gagg%lafystﬁ%ll plj)dveeg f’illufr a system error, or
i nterl ocks. For exanp a key swtch is used
't

shutiee fijugs Eerthessthe BOQ‘PPéSé%‘?Jth‘éfrt 6‘Ht“t€bP§e‘“‘T‘r¥é“i>'Ffi‘FﬁaﬁafﬁtY
shutter nust be opened by an operator through a

intenhackhbliot ovanghel atkey sweiclrrdised (o gongrol adcasstto Uxhghutter controls.
must be enabl ed t hrough a pushbutton. The portal

The pyiataensHISE mst Helpehédinahn aptdatentibdigtl of ppshinpenaini one

Emer gency stops de-energize both the
secondary, i.e., fast, shutter, must be enabled through a pushbutton. The portal system
must be functional and enabled for operation. Emergency stops de-energize both the
primary and secondary shutters directly in the event of an operator initiated emergency
stop condition. The control system indicates shutter status to an operator through
open/close status sensors. In order to maintain desired operation conditions, shutter
diagnostics are incorporated into the control system and shutter assembly to report shutter

failure status by providing error signals for the following failure conditions: shutter

opening time exceeds preset value; shutter closing time exceeds preset value; shutter in
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primary and secondary shutters directly in the event
of an operator initiated energency stop condition. The
W@ o0sNgd405yst em i ndi cates shutter status to anPOPEsSBEDO031725

t.hr.ough open/ ¢l ose status sensors. |ln order t )
waniili e APPSR @GOBBAR o SR Tk S fipetst value; and

di agnostics are incorporated into the control system
shutigs derapaiatueg exgsedspsesyt BIPEE e 18R IAlERIS Mmegspisdas dhegyiput of a

by providing error signals for the following failure
solepaiddield effiect trahuistoeswitibdemperaturereenesaceeds preset val ue;

shutter closing tinme exceeds preset val ue; shutter

| NOEYGiAt ledst fart oM@t sbUtc€ tAsRidn FronD PRTadi@godl iower is detected by
shutter current exceeds preset value; and shutter

the Je@éﬁ?@rrﬂngﬁtlﬁﬁ BRER SR 85 Lr tBFl(H? 17 H’l(e?cont-gnt% of ?‘eet @fgel Sehicle

nmeasured’as the output of a solenoid field effect
erat.ure sens

tr.ansi stor switch it : .. [ 0029 t | :
ol dtPq PRt ot WestIC o FERFAPLER PG Pes baltftloedin p§RTIn cach
is detected hy the detector array within the detectaor
of thepgsntss aid apREGAtLYHS f‘ﬁéh%vﬁrheéﬁt“scoﬂ%}‘/’rft‘ﬁieg?rﬁ'r“gt@t regfé?ﬂca y way
through a process of discrete photon counting. This
of eprmypeshowingibe detettets fram dest deitdctarrmag @re efupidddhsagkrfos
and applications that have been incorporated herein by
examtereoednelBrovadying finiesy Ri¥p4 &S, lishdrivieny ahdien BEt 485t iatesface card
fromthe detector array are coupl ed through, for

to a EXAPREL whbfeif HRNBGIpuRE PERESEEiskRid photdRrrot@Pbirfbtation
drivers, and an RS-485 interface card to a conputer

recex?/\\%g g&i}rtg%h.te Iﬁ%te%%@éﬂdeg u$ il %pﬁ]gf (gj%{icsectr gﬁsg)lag{}aglt iC k tqrg Qb e

_ on recelved from _ ec ses a
confhE B SErETRREILR AirRbEtefle RBRGRRIAS SARRRTbE oo
particul ar exag?Ie, the detectors are coupled in
are cgpplgpsn proupsot b elocHiwandl|datferracyssing 64 shithg Peaferablyt venty
Preferably, twenty (20) groups of detectors are used.
(20) lgroyps a€ tieteetprst dneused niyeggragicedét @ombeso fdstettors uyeal is abtiable
dependi ng on the height of the vehicles to be
depenBmpeGttBEhaakh dfhke t@sabdtoiRNnspec@d andtHdresol@oii ¥€hsmber of

in the inmage desired. In a preferred enbodi nent, 320
pixeg?ﬁletﬁé BhegSirtth §fla p?&&gﬁélﬁbodiment, 320 detectors are used. The data
processing circuits, of which there are preferably twenty (2), are each coupled to an RS-
485 line driver, which is coupled to an RS-485 interface. The RS-485 interface is
embodied on a circuit card located within a computer system. A suitable RS-485 interface
is available as Model No. 516-485, Part No. 3054 from Seal Level Systems, Inc., and
from numerous other vendors under respective model/part number designations.

[0030] Each of the radiation detectors is coupled to a preamplifier within the 16-

channel data processing circuits. Each preamplifier is coupled to an amplifier, which is
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processing circuits, of which there are preferably
twenty (2), are each coupled to an RS- 485 |ine
waleios@9s40mmhi ch is coupled to an RS-485 interf aper/uIive4/031725
RS-485 interface is enbodied on a circuit card | ocated
in tugp eipedtoagtissitnaipatey daghdisprigipaters eoupdedrien pulscegangiaior.
is avail able as Mbdel No. 516-485, Part No. 3054 from
whicBegehelatoseh eBysiahpulsé for eachaptabtdn srrinehintots rediagen detector
vendors under respective nodel/part nunber
coupl@isthgieed. | Piespul fdgkp@rhtdraahth@f edch @ f kiadi GagHanheldRtesoo¢ssing
is coupled to a preanplifier within the 16- channe

cnrcxﬁl@g@c&fg@&ﬁ%%' [fHS drivef lEatﬁ of fFRAB- d?ﬂ'aﬁmldﬂ gir&feshﬁg eRpuAtsed

fier, mhlc Isin turn couple

mclu%u? s O\agﬁl&ﬁg{l&;r % Ilm ré{/%]rg:pg rta%rundgr %ggfor%?gmpﬁtlg |control of a

es an e
for each photon received into the. radiation dete
ﬂmwar&papéwtwséwf'a [ ARCTANATS éhegca-;rﬁ@}lale*i% A eRPi L cfﬁnefon ina
the 16-channel data processing circuits is coupled to
convantignaénannerdp anplifhsighals penctdedhathsaletegiors Qutpete 9§thsg
circuits includes its own line driver. The |ine
amplilfiéry @respaggaradd ey tonhkedistrivinprodg rvetichainpwse ambise thre$hodd on the
firmvare operating system |In operation, the

amp P RBITRAA fWal SforrRO R ithiFRthe Elin?[lﬁed $iBRA11tRA ek &eed the noise threshold
conventional manner to anplify signals generated by

are plé]tk%d QFotng(%{) € pallsgé%eﬂgtta§oro\§/hlcn%§ Bh‘glrsé f@'re%clp %@%rm

m nat or s

esho i fied si Vﬂveforns
withiphé awa| fied @amg CgRaPoniiae af el et S o sk ﬁb?‘&n The
are passed along to the pul se generator, which
line jbiee patsesths pplfes serfcsrtedhy ﬁac\haxfglﬂeoptﬁﬁquﬁraﬁprﬁ mathin a particular
anplified signal corresponding to a received gamma-ray
16-clomngl dagey prphessong. cirthi alongeo thei coerpupasgaemivivethol 485 interface.
generated by each of the pul se generators within a

PafolB EUTRE cokfp tBedyeR SRk AePprogRsHhNIBal) Leddrthaddin@! bDa
t he conputer systemvia the RS-485 interface. [0031]

sofl thEeSS)%W Ut fr, ?ﬁfwg QBAaleRR s RERBIR EH@H &hledcHOEGE 16-

contro software system The conputer system
chanhdl 4% avpergce%segrse% Cr)ersp nseste‘?he NEL u%ﬁ%l?mdmziu:ﬁ p})gtons by the

detectors. The software system processes the incoming detector pulses, evaluating their
relative amplitudes, i.e., energies, and generates a radio graphic image-like display output
signal in response thereto. The radio graphic, image-like display output signal is coupled
to the graphical display device and is used by the graphical display device to generate a
graphical representation of the densities within the vehicle under inspection.

[0032] In summary, the system described herein is utilized to generate a graphical

representation, i.e., a "picture”, of the densities of the contents of the target vehicle.
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channel data processors, in response to the detection
of individual photons by the detectors. The software
W@ yEsesm4pr ocesses the incom ng detector pul SesPCT/US2004/031725

eval uatjng.their relative litudes, .i,.e., energies, .

Aol disalors biroy g SaRrerhige of bisTanuB R SHining or
out put _signal in response thereto. The radi o graphic,

the targeguehi¢lr aind¢rd pspggtiay aperposedyiodnterpyeling woegsubsle ipdcations of
graphi cal display device and is used by the graphica

the dhinsipleayittiavihe echiolegdariaipecaorgasaphy batequepd asprmidradri yntems.
of the densities within the vehicle under inspection.

The pRIS2dd Infa il IBRWAre §RRNPYASEThe aRplayREd rBRIGICH ithige

utilized to generate a graphical representation, 1.e.

B kol B o ORI e fcion
anni n

visual interpretation.of.the resulits of the sc
so thy ay Reerplar GE (e peiepd EgdimET AT FRRY ok 220l SREa B
interpreting nmore subtle indicatjons of the densities
betwgren mihat @ Nehigle ol Hlesamsdgie qrigpwethoimstyRae! sRr2e Beiier ed
in prior art systens. The preferred i magi ng software
inspeoted soubhitisalslikdieardi vt alye vthide amd eargmuorddrnesgpection actually
simul taneous with the inage generated in response to

"look$Bkd"as @& sideby-6ide inkpel@ioni fagR&GIhplifiesahe H&@Etic@Nof contraband
operator of the present enbodi mrent can easily make a

uﬁn¥h§§ggﬁﬁpgmg5&§gﬂtbetmeen what a vehicle of the sane
ype or having the sanme type of cargo being inspected

nd AL Eteodlais ey M Blighic LG SRR ARG o be
si de- by-side inspection further sinplifies the o
exerpRIfiy AN gt BIclushist Onsahtleddh Hig arHaCcqsmess the —HBTAr hgtitations
[0033] The enbodi nents and descriptions set forth _
and ¢y wilent spmppagnenidiedmepbousedye aploadancamdthribe desseibad invention
One skilled in the art recogni zes the numnerous
and shéy fialtwidns tlendoggthencaf. ent conponents t hat may be used
in accordance with the described invention and this
fall within the scope thereof. W CLAI M
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1. An automated target inspection systemfor
i nspecting a noving target conprising: a scanning zone

W@ oopn9sdng a radi ation source and a radi at i oNnPGDUSIB4/031725
ggteﬁépr; a first sensor conponent for automatically

WE when a first portion of the noving target has
passed through the scanning zone and a second portion

1. of Arheutemeted deraefrigenectien systso fof Hsperting arrheving Lget §gmprising:
zone, wherein the first sensor conponent sends a
si grsahniting tdére cautpoivhigedradiatigesourcesqdct adiatisty stueon d@ector;
initiate a scan of the second portion upon sensing

t hatfirkf@nsR CoRPoRa: fbroditdthatichRy tctkBigtwHen adoUlortion of the
enter the scanning zone; and a shutter, triggered by a

movr?ﬂ.}a%ll%gﬂrlet hid sgmpﬁdgrgﬁglgss%gﬁxﬂﬁg nga%rﬁ%onfdgi;cm?ir{r gimljﬁ hoving

IOI’]. rom . |at|pn SO.UI'CGtO pa ! .
s BRI AR 2R SR S ARt

. 1s passing through the scanning zone and for closing .
signaktp thtrautpraicd faraef IMHRSANIAYSEBLGrRtigEra scamobthespeond portion
noving target is no longer within the scanning zone. 2
upon séhismgslya tteaseobnd paition of thetianget in abdus td entert thp e¢aninmg dose; and
a passenger portion. 3. The systemof claim1, wherein

the sﬁ@t@@migFareﬁ ib9ra s gnabfrpmth® Akt B&isbi @mpohent, Tot@llowing
system of claiml1, erein the first sensor conponent

radigtfdiSFom ﬁlegat@iﬁﬁgﬁ We&Ee s f:hfoﬁ;gh?ﬁé %cha%ng_fzoﬁéﬂ'ﬁn tHPHirMign of

target an e second portion of the noving target.
The .systemof . claim1, ,wherei he shutter .conprises

the ryd g1 Ae Eh M usn B dony P BiR dehoetiig B S BBl ibugh e
sol enoid configuratjion. 6. The systemof claim.J1, .

scanggaH A O SOV g %ﬁédlétmwmfh@e BIORK PPLIRGh wayine
of tungsten.7. The systemof claim1, further

targat oo losigergvishis bhe srgniog zenwsi ng t he shutter once the
first sensor conponent senses that the second portion

2. of Thbheyswan ofiglairan gehedei the first portion is a passenger portion.

3. The system of claim 1, wherein the second portion is a payload portion.

4, The system of claim 1, wherein the first sensor component senses a gap between

the first portion of the moving target and the second portion of the moving target.

5. The system of claim 1, wherein the shutter comprises at least one shielding block

driven to open by a solenoid configuration.

6. The system of claim 1, wherein the at least one shielding block 1s comprised of

tungsten.
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| onger within the scanning zone. 8. The system of
claim1, further conprising a second sensor conponent
wo o0058e838i ng radi ati on fromthe radiati on soureer/ukan4/031725

is _qutside of the scanning zaone. 9. The stem of

7 ol SnESERRbelAn b At éee)r%an%&gsn’"%ﬁlﬁaﬁémg thig shutter once
coupled to the shutter and further wherein the shutter

the first sgpsasrampergnit yensepthatthe seqoad periva af shamesiigdengets no
signal fromthe second sensor conponent. 10. The

longsiywitkimtd scah@ngrzdne.f urt her conprising a photon counter
for counting photons conprising the radiation fromthe

8. Iaghatysiiin sPHLIE | AfubtBEr doMErRMYL LRSoMPYRsPADHAFDERN B GAsing

the target vehicle. 11. A 'nethod for autonmatically
radidt{oR R ll{%Qa&aﬁ?nvéorﬂlgcet tﬂgtnguﬁ\éidte%f A s%h'ﬁr\ﬂj\ﬁ%&@r?e target
I'nspect I on system conpri Si ng: sensing nafirst
portion of e. Npvi target has passed through
9. DoThidiurm ohavisng. WhdetedheSsone SesRoS o TinaseHEs FRypTed to the
target is about to enter the scanning zone; sending a,
shutet gpvhfurther wheseluhe phtied s autqreatically plosed BHesppasceip & @diation
initiate a scan of the second portion upon sensing

signdlHaim tHeesesmdaedsopopmpomendf the target is about to
enter the scanning zone; opening a shutter to allow ng

10. I agth@bystih bf AInR 1 | Aethad doiprisfigr Cishotéh QAsSer b @ugling Pleotons
scanning zone in the direction of a radiation detector

com%\dgkglgg i ?acﬁﬁ?&n b6 aAMiBh shilEe TRY tg%%ﬁ(ﬁ{ng@ﬁavie?)assed through

ng through the scanning zone; closing'the
thtshuttgrlto shut off the radiation when the second
€ WYEFtY0If'f the noving target is no longer within the

scanni ng zone. 12. The nmethod of claim 11, wherein tge
11. Sh&m@ho%&gﬁpww{tqchléy iNSPESHNE BeNQyrpeiargst with an automated target

inspection system comprising:

sensing when a first portion of the moving target has passed through a scanning
zone and a second portion of the moving target is about to enter the scanning zone;

sending a signal to the automated target inspection system to initiate a scan of the
second portion upon sensing that the second portion of the target is about to enter the
scanning zone;

opening a shutter to allowing radiation from a radiation source to pass through the
scanning zone in the direction of a radiation detector when the second portion of the
moving target is passing through the scanning zone; and

closing the shutter to shut off the radiation when the second portion of the moving

target is no longer within the scanning zone.
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approximately 40 mlliseconds. 13. The nethod of claim
11, wherein the shutter closing tine is on the order

wobkooapmsoxi mat el y 100-350 milliseconds. 14. TheCcTresivo€031725
of claim 11, further conprising sensing radiatjion tha

12. i s Thgmagthed oftclaipiel ks 2dysHiim fresgpEer OPSY.““S“%@%PH(SEG rder o
claim1l, wherein opening the shutter includes noving

apprakinaelg 40onidissbdralsdi ng bl ock to expose the radiation
source. 16. The method of claim15, wherein noving at

13. | edhk nwllgodséri obdighi NQ wlepdk tHeGhekg@d@itgtane &dbrathe @fder of
source includes addressing a sol enoid configuration.

approfimatdl§ 10813B0hiAfse&drAsM 11, wherein closing the
shuttef includes activating a spring. 18. The nethod

14. of "I%le ?rlle%o]dl(%f cflalilrrnt f“ l{rﬁ]%ppéﬁghaﬁ%g&gﬂg'rg(?a@&?{h%pi% outside of the
conprising the radiration fromthe radi ation source
after the photons have passed through the target

SCanpiIgiZOPe. 19. The nethod of claim 18, further
conprising imagi ng the second portion of the target

15. veflihe methsasafdlaam demdictojn epanengibe shyifen éwlydes maviieg at least one
photon counting. 20. The nmethod of claim 11, wherein

shieldirey bioak togexpaseght radsativnsongeat an appr oxi mat el y
constant speed within the range of greater than 0 nph

16. UP The nRRRId( clainel 5y wheFmowink-at feastyonk @Rlefdhig block to expose
automatically i nspecting a moVing target conprising:

the r%%f?&r% gcﬁﬁcéiﬂ@lﬁh@%ad@ﬁ&@in a'solehbidRQhhib @il the moving
farge as passed through a scanning zone and a second

17. ggg‘h% Sp?ggd (}:fjl?ailquo lvll, Uv%erte?nr glgginé aleasl?lgtl{%r i%cﬂuggstaeclgivgtg]neg a spring.

18. The method of claim 11, further comprising counting photons comprising the

radiation from the radiation source after the photons have passed through the target

vehicle.

19. The method of claim 18, further comprising imaging the second portion of the

target vehicle based on density data determined from the photon counting.

20. The method of claim 11, wherein the moving target is moving at an

approximately constant speed within the range of greater than 0 mph up to approximately

10 mph.

21. A system for automatically inspecting a moving target comprising:

means for sensing when a first portion of the moving target has passed through a

scanning zone and a second portion of the moving target is about to enter the scanning

zone;
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zone; neans for sending a signal to the automated
target inspection systemto initiate a scan of the

WG emeneB4porti on upon sensing that the second me/Um00631725
the tar I . about iu%gnter t he scanni ng .zone;

f ormEﬁj@%P'hif“ ding 3 signat torthe avipBsddanesdnsRICHAN FYsEm o mitiate a
radi ati on source to pass through the scanning zone in
scan pethdiseesmtliportiasfupan seiping tharthd ezcsod pertighenf théargae dvatwut to
portion of the noving target is passing through the
entes thegtan@ng aows; and means for closing the shutter to
shut off the radiation when the second portion of the

MO Vth &hs & GRhingS sRAttérad dRbwMgtrRdiaL SR omCARAAIfi8n 200 e to pass
through the scanning zone in the direction of a radiation detector when the second portion
of the moving target is passing through the scanning zone; and

means for closing the shutter to shut off the radiation when the second portion of

the moving target is no longer within the scanning zone.
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