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Technical Field and Background Art

The present invention relates to the field of x-ray imaging of personnel, packages,
or other subjects to detect concealed objects.

Current personnel screening systems using backscatter and millimeter wave
technology can provide images representative of the surface of the scanned subject, but,

insofar as they may well not penetrate the entirety of the scanned subject, they lack the



The present invention relates to the field of x-ray imagi ng of personnel,
packages, or other subjects to detect conceal ed objects. Current

per sonnel screening systens using backscatter and mllinmeter wave

technol ogy can provide i mages representative of the surface of the scanned
subj ect, but, insofar as they may well not penetrate the entirety of the
scanned subject, they lack the capability to imge itens of interest
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A system that provides both accurate and effective imaging at a high throughput

rate and requires inspected subjects to be exposed to only a low dose of radiation is
particularly desirable in such applications.
Accordingly, the present invention is directed toward providing an apparatus and

method of scanning that can achieve these desired objectives.

Summary of the Invention

In accordance with preferred embodiments of the present invention an apparatus
is provided that ascertains a material feature associated with a subject, and in certain
embodiments, generates one or more images of the subject. The apparatus generally
includes a first carriage, a second carriage, at least one vertical positioner, and at least one
detector. Each carriage includes a source that is adapted to produce a beam of
penetrating radiation incident on the subject. The vertical positioner is adapted to
synchronously displace each carriage with respect to the subject in a direction having a
vertical component. The at least one detector receives radiation produced by at least one
of the sources after interaction of the radiation with the subject. The detector may be
disposed on the first carriage. The subject may be a person.

The penetrating radiation produced by each source may be in the form of x-ray
radiation. Each source may be adapted to produce a pencil beam of radiation. Each
source may also have a scanner adapted to move the beam of penetrating radiation
produced by the source transverse to the direction of motion of the carriages. Each
scanner may be in the form of a chopper wheel and the chopper wheel may be adapted to

provide interleaved beams.



In accordance with preferred enbodi nents of the present invention an
apparatus is provided that ascertains a material feature associated with a
subj ect, and in certain enbodi nents, generates one or nore inages of the
subj ect. The apparatus generally includes a first carriage, a second
carriage, at |least one vertical positioner, and at |east one detector. Each
carriage includes a source that is adapted to produce a beam of penetrating
radi ation incident on the subject. The vertical positioner is adapted to
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to a lead screw, a rack and pinion system, an electromechanically propelled system, a
hydraulic piston or a pulley system in accordance with an embodiment of the present
invention.

The apparatus may include a processor for receiving a signal from the at least one
detector and for producing an image based at least on the signal and may further include a
processor for electronically combining the images produced by each detector in one
embodiment.

In accordance with a related embodiment of the present invention the apparatus
may include an enclosure for containing the carriages and the at least one positioner
during the course of operation. At least one stationary detector may be coupled to the
enclosure. The enclosure may be an environmentally controlled enclosure. The
enclosure may be sealable from an external environment.

In an embodiment of the present invention each source may be a pulsed source
adapted to intermittently irradiate the subject.

In accordance with another embodiment of the present invention an apparatus for
ascertaining a material feature associated with a subject is provided that includes a first

carriage, a second carriage and at least one vertical positioner. The first carriage includes



intermttently irradiating source providing a tenporally interl aced

I rradi ation pattern. An enbodi nent of the present invention may include a
di spl acenent encoder. The positioner of the apparatus nmay include at
| east one of a rotary notor coupled to a | ead screw, a rack and pinion
system an el ectronechanically propelled system a hydraulic piston or a
pul l ey systemin accordance with an enbodi nent of the present invention.
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that incl®0d&% a first carriage, a second carriage and at |east one vertical
posi tioner. THe addordshcewrith angkerientbodiest of the present invention an apparatus is

provided for ascertaining a material feature associated with a subject. The apparatus
includes two vertically disposed arrays of sources adapted to produce beams of
penetrating radiation, at least one detector for receiving radiation produced by at least one
of the sources after interaction of the radiation with the subject, and a controller for
activating at least one source in at least one of the arrays independent from the other
sources in the same array.

In a related embodiment the at least one detector of the apparatus includes two
vertical arrays of detectors and a processor for processing detection data received by each
detector during a specified time interval.

In another related embodiment the apparatus includes a scanner adapted to move
at least one beam of penetrating radiation produced by at least one of the sources.

In accordance with another embodiment of the present invention a method is
provided for inspecting a subject. The method has steps of: moving a first carriage
having coupled to it a first source adapted to produce a beam of penetrating radiation
incident on the subject, moving in synchronization with the first carriage a second
carriage having coupled to it a second source adapted to produce a beam of penetrating
radiation, detecting with at least one detector radiation produced by at least one of the
sources after interaction of the radiation with the subject, generating detector output
signals based on radiation received by the at least one detector, and characterizing the
subject on the basis of the detector output signals. The at least one detector may be

coupled to at least one of the first carriage and the second carriage.



a source adapted to produce a beam of penetrating radiation incident on the
subject and a first detector for detecting penetrating radiation scattered
by the subject. The second carriage includes a second detector for
detecting penetrating radiation produced by the source of the first
carriage and transmtted through the subject. The at | east one vertical
positioner is adapted to synchronously vary the position of each carriage
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Brief Description of the Drawings

The present invention relates to the field of screening cargo or any other packages
and/or subjects.

The foregoing features of the invention will be more readily understood by
reference to the following detailed description taken with the accompanying drawings:

Fig. 1 is a schematic view of an embodiment of the present invention used to scan

a person who has entered the imaging apparatus.



In yet another related enbodi nent the nmethod include the steps of: scanning
t he beam of penetrating radiation produced by the source coupled to the
second carriage in a direction transverse to the direction of notion of the
carriages, generating detector output signals based on radiation received
by the first and second detectors and creating an i nage based on radiation
detected fromthe first and the second beam In any of the described

nmet hods for inspecting a subject the subject may be a person. In
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i |1 ustratihentonf a | ead screw type positioner attached to a carriage of the

current | nventFngq "}shows the use of a two-dimensional array of discrete sources in a

backscatter imaging application, in accordance with an embodiment of the present
invention.

Fig. 8 shows the use of a single-dimensional array of discrete sources and a fixed
set of backscatter detectors in a backscatter imaging application, in accordance with an
embodiment of the present invention.

Fig. 9 shows an image generation apparatus in which multiple one-dimensional
source arrays are mounted on a single cylinder, in accordance with an embodiment of the
present invention.

Fig. 10A shows a front view of an embodiment of the present invention in which x-
rays are emitted from above.

Fig. 10B shows a schematic side view of an embodiment of the present invention,
depicting a person at successive positions traversing a plurality of x-ray beams emitted
from above.

Fig. 11A shows a front view of an embodiment of the present invention in which x-
rays are emitted from opposing sides.

Fig. 11B shows a schematic side view of an embodiment of the present invention,
depicting a person at successive positions traversing a plurality of x-ray beams emitted

from above.



Fig. 3is atop viewof two sources and two chopper wheels configured such
that the sources nay alternately scan a subject in accordance with an

enbodi ment of the present invention. Fig. 4 illustrates an inspection
system provi ded within an enclosure, in accordance with certain enbodi nents
of the present invention. Fig. 5is a schematic depiction of a prior
art x-ray source based on electron field em ssion. Fig. 6 shows the

use of a single-dinensional array of discrete sources in a backscatter
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i nvention. ~ Fig. 7 shows the use of a two-dinensional array of
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Fig. 10A shows a front view of an enbodi nent of the present invention in
whi ch x- rseapseneie soffiemndeyed i Herigys pmbodiments of the present invention.

Detailed Description of Preferred Embodiments

Definitions. As used in this description and the accompanying claims, the
following terms shall have the meanings indicated, unless the context otherwise requires:
A “carriage” is a moveable system including a source and/or a detector of
penetrating radiation. A carriage may include a detector that detects radiation; however,

it is not required to.

A “vertical positioner” is a system component capable of displacing a carriage in
a direction having a vertical component. A positioner may include an actuator, such as a
motor, and attendant mechanical linkages or couplings.

A “vertically disposed array” is a plurality of objects, generally sources or
detectors, disposed in a configuration having a vertical component such that at least one
source in a vertically disposed array of sources is at a different elevation than at least one
other source in the same vertically disposed array.

Fig. 1 is a schematic view of an embodiment of the present invention scanning a
person who has entered a vicinity of the imaging apparatus. The imaging apparatus,
illustrated in Fig. 1, and designated generally by numeral 10, uses two distinct sources
that produce penetrating radiation so that the subject is scanned, in a single pass, and is
imaged from two opposite sides, thereby enabling effective identification of any
concealed objects. The penetrating radiation produced by each source is typically
electromagnetic radiation, such as x-rays or sub-millimeter-wave radiation; however,
under certain circumstances, the use of either electromagnetic radiation in other

frequency ranges or of entirely different particles, such as baryons, may be advantageous.



Fig. 10B shows a schematic side view of an enbodi ment of the present
I nvention, depicting a person at successive positions traversing a

plurality of x-ray beans emtted from above. Fig. I1A shows a front
view of an enbodi nent of the present invention in which x-rays are emtted
from opposi ng si des. Fig. 11B shows a schematic side view of an

enbodi ment of the present invention, depicting a person at successive
positions traversing a plurality of x-ray beans emtted from above.
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Source 102 of the apparatus is coupled to carriage 100. Carriage 100 may include one or

more detectors. Three detectors are shown for illustrative purposes. The three detectors

illustrated include detector 104, configurable for forward scatter detection, detector 106,

configurable for transmission detection, and detector 105, also configurable for forward

scatter detection. It will be appreciated by those of ordinary skill in the art that carriages

are not limited to including three detectors or a specific type of detector. Particularly,

each detector may be configured to detect more than one form of radiation. A carriage

may include one or more detectors and any single detector on the carriage may be

configured to serve as a forward scatter, transmission, or backscatter radiation detector.

Configuring a detector to sense a particular kind of radiation may be achieved by

modifying the detectors output, detection period, and/or sensitivity level. For example,

each detector may output detected information to a processor specifically configured to

process the detected signal. Further, the processor configuration may alternate depending

on what type of radiation is detected during any given time interval. The detectors may

be configured, for example, so that during the course of the time interval during which

source 102 is producing a beam of radiation, detectors 104, 105, and 106 are configured

to detect backscatter radiation, detectors 114 and 115 are configured to detect forward

scatter radiation, and detector 116 is configured to detect transmission radiation. In the

same example the detectors may be configured such that during the course of another

time interval, defined by source 112 producing a beam of radiation, detectors 114, 1185,

and 116 are configured to detect backscatter radiation, detectors 104 and 105 are

configured to detect forward scatter radiation, and detector 106 is configured to detect

transmission radiation. This is just a single example of how the detectors may be

configured to operate and the configuration is amenable to the provided system

components and particular application. As such, various configurations, which may not
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si ngl e palsisctorsnas thgsq ereggerdrer 18P rogioeash pe sprfigusedgasdisqusied dp heaampleng
ef fecti V%bf)\%e tdeftéd:? %&chqg)eﬁgf er}Xtio(fx(,)Hl%ﬁﬁkr% oRﬂr@géa?ter EQﬁan%?&{, Elﬂtﬁ/bpg
y eac y

radi ati on produce source’ls typica el eétromagneti ¢ radiation,
such as >vatlaysteoradsationm | | i met er - wave radi ati on; however, under certain

circunstances,. the u of, ei.ther el ectr.o netic.radjiation jn.other
frequency ran§@Hages f)‘ﬁ) aé’rqtllﬁbéfeyeaaﬁfr\“a@’r@ﬂ%a ﬁﬁtfsita(ﬁt%@},' J[hgﬁ?:rﬂe 5f§’v%t5)tnyons, may
be advantjagggiést a schie CaRitpELFI0HNE 190 Sid gebbraily eddhdbuplBeId Rbhraty varthapm of
penetrating radiation to be produced fromeach carri aa,e to facilitate

i magi ng tPREtienass et moxathe sursiagenipng thayaipaonyiBertiaed by dbes i8%3d Higes based

on trans .s?g%ﬁelﬁ_ﬁgfuﬂﬁeﬁﬁgﬁlta%d i{n/ by e%%'r : S%g%}ﬁ&ﬁe‘?éjmg{?e ﬁlietcgﬁfagfé ig_and/or top

of the su se 1 nmages ma cont enpor aneously. The
cont enpogameaiisvertigal dulentiod af thegase ratg/sush thoo thsi caetigessmaigtaimy pr ocessi ng

100 may MR bt e SRR R 0 hepalie Reb e doepiniy oo, ' 797

i |1 ustratehohcaPiige O TRE scahhg sist@n iltlatreed Qirthet Incligty @stabranclidleatdat ect or
104, configurable for forward scatter detection, detectaor 106, configurable
for trangsieeer b2 hatdegacisgadiationscaiered arproximatelyyyescally dpriggr 8% for f or war d

scatter detechiyqn, soluI'ceVMh!ls{tra 8 iﬁ‘?%‘f ECLAL @ﬁ{ij 150 RSEz0Rtall9! GinlRAnkodddol | TN the

art that carriages are no imted to including three detectors or a
speci fi c theypeiages bengdisplacedRartidatly inagynghroiaationdeitteeneomothgy theeradighion gured t o
det ect nor

ot ot TS e RSBt R A BRI aRhiR Cne o7 e

serve as jierh@iomedfdhSi@aiation with i ub]esS b detectorshacakeiant dneypposinlg sdcond

detector carriage. Additionally, the radiation produced from a second source located on a second
carriage may be detected, after interaction of the radiation with the subject, by detectors
located on the opposing first carriage. The type of radiation detection may include
transmission and or scatter detection. Although backscatter detectors are not expressly
demonstrated on the carriages in Fig. 1, the carriages may include detectors configured to
detect backscatter radiation. In an embodiment in which a detector is configured to
detect backscatter radiation, the detector may detect radiation produced from a source
located on the same carriage as the detector, as explained in the example above.

In a preferred embodiment the source of each carriage may be adapted to produce

pencil beam x-rays. This may be achieved through the use of a collimator or by any



~Configuring a detector to sense a particular kind of radiation may be

achi eved by nodi fying the detectors output, detection period, and/or
sensitivity |level. For exanple, each detector may output detected
information to a processor specifically configured to process the detected
signal. Further, the processor configuration nmay alternate dependi ng on
what type of radiation is detected during any given tine interval. The
detectors may be configured, for exanple, so that during the course of the
time interaal oHMLERGn M hGRW BULEST philéirdtimg RERAIRL Mhe BoREaMRPbe fiheat i on,
detectors 104, 105, and 106 are configured to detect backscatter radiation,
det ect or addpted mraprefeBed pmbedimentgoseat a whitet aardifeetiondrapsyasatodhe r adi at i on,
and detector 116 i.s.confi gur t tect tr 1,55 iLat-Lon. In the
sane exa#ﬁ?eéal% ‘éerh%atl g?%‘rog%rfrgfgv%gyg%n‘%%a@r 'egﬂé uggél}ﬁﬁlk1 gg}aglg)gra?i%%ahe course of
anot her tusiig devices ineluding it netdiiyedstouhoppet Whepls calectiomg gretiostrriog r adi at i on,
detectors, 114, 115, and 116 are configured to detect backscatter radiation,
det ect or $1€Yises: QhePYIQBer PN H5EWSed to detect forward scatter radiation,
and detector 196 qiasoGAiNiafl iRtelafvElfisRidns bF BRUBicEOIUh drRUalaldWithThi S 'S
just a single exanple of how the detect ors_ma¥ be configured to operate and
t he conf irgapeeitty 8he source ne aa bitanatiyechriage. spedberly e therredigytioncs and
particular a i.cati i > i i . i not be
ool 1 ci ¢ 1 BRI Rl o ARu SR, ! BB BB Fre TLENIRE"CF Che
pr esent iigloested ara position thaCaorréspoedstd the height baelevation af the agposiiietdéctie| udes

three detectors_tha re coupled to it. The _.three detegctors cou to
carri age 2@ 5oR8LHd leg%rttéaé‘tg’ﬂ ssipg getegign: gﬁfF&ﬁF%fo getﬁcg?reigé @P’W&%‘gh@gm ter
radi ati ong 4tdabRaHAlly thkGame efevatitnaRlseurt® 10E6L64rrildeADBEhE SiceNersadirat i on, and
detector 115 also configurable to detect forward scatter detection. These
det ect or sourge 11heweardagectddrand deteatool 06ancagriags 188 confi gured, as di scussed
in the exanpl b t ILatl on: png forward
scatter, tr angrr‘ﬁ@o sogi\{genc,létgcﬁcgg %@%&gﬂ‘?g‘%&ﬁ%@t @gv&{rgg él;ag%} &alauws}&:g%h i ages 100
and 110 aaeiagaate digposddainrecengtodsudnstanaverichly offet distarcedk@w dte on t hr oughout

a scan. Carriages 100 and,110 are generall. ach upl ed t.o separate
verti cal CBfS%Sipf’g A& F@"?%A‘echﬁ%%ﬁ% Wég%ﬁ‘fﬁﬁé?&ﬁgﬁﬁfﬁeﬁ@?ﬁ (gnﬂ}ealiegglt%fy

i 'l ust r atyeRkthVink kda@diod dkidnbod e stiigsResddivcdd/ , Aldmuhiaébasr 106 mistbat ed in
Fig. 2A. "The positioners nove the carri ages in a generally vertical

di r ect i ogonfiguredtosigtast seatte radiatipn: defecters dUd apd 1033y hamgtetntimgl §3Bst antial |y
equi val e ' ' 0, h j cenent of
cach car LrieBloP YO WAL ot B P Riaih kRS Bharh b o 01 2

st at i onaliptemititey witlab behjeat dispeted beth@en theaarrthges imiladylidstecon 13¢ may be ed

[ j dyri : h L d i
7o, 1 seanedhedtbodeteiobl ot Bn PR tu dereria s dfy IR RETREIE ' bei ng

di spl acedpigbl thelidtyctdil 150 a&tE@in Tatwaadsdattétradiagorareailtieg fromttke baagi at i on
pr oduced 1Proma first source that is |ocated on a firs carriag][e may be

det ect ed proguged by spuesed0R irspraghing with # sehiest dugtodhe Kertisald off3efof deteCiBls det ect or s
| ocat ed q?4gﬁld PRPESHRGuSeeeNd carriage. Additionally, the radiation
produced from a second source |ocated on a second carriage nmay be detect ed,
af ter i nt er actToarhEve chedinagid andtion ofithelvatriages atvjiaseral coyplingthatalloms | ocat ed
on the opposin fti rst carr.i alg§ The thFVo edradi ation detection may include
transm sSCRITARS (QPIoYe a3 ¢ AP RPLLTEYRE PRVYSSUgh backscatter detectors are
not expressl yhd@i&)ﬁlsﬁbgatt ettedn Vidigitgalthe a@psction systgn ardd theh theaarriagages nmay

i nclude detectors configured to detect gackscatter radiation. In an
enbodi meste Jisplaged vRrtigalieasdhe sbiges ISSEHIPE doatRtiersHROSIqes g RBEIg PRSs

radi ationy G 8RS ﬂﬁﬁ)oﬁgfﬁpgcaﬁﬁ’ﬂg?{hé CAriRER e Bhik EQ@hRAgBRUT Cce | ocat ed
on the same carriage as t detector, as explained in the exanple above.

I n a prefebjeadroanthoiticneernt posidos aatheraredisplaced vertieallyge theegpppsiteadapt ed t o
produce penci | am x-rays. -This. be .achi eve .of a

col | i mat 88Ny %gm?c%%{ﬁg erg?mﬁrﬁdrgﬁ%:éip ﬁeév‘gusr%ggr}'ogvo%ée)%ﬁlﬁ%{} o%%ﬁlg# gksi ng

radi at i ORcanhb®asSHb CaEiaga urddisplavet e h vatiagitdddclion decrasheim devaginband ment to
scan a subject in a direction transverse to the generally vertical
direction of travel by the carriage. The scanning may be achi eved using
devi ces including, but not limted to, chopper wheels, elect romagneti c
steering devices, or any other scannidhg systens. Fig. 1 also
illustrates the relative positions of the detectors on one carriage with
respect to the source on an alternative carriage, specifically for the
configuration of sources and detectors denonstrated. In the enbodi nent
illustrated in Fig. 1, each source is |ocated at a position that
corresponds to the height or elevation of the opposing detector that is

‘. oA o~




Two of the detectors configurable to detect forward scatter radiation on
each carriage are disposed, in an enbodinent, at a vertically offset

di stance fromthe correspondi ng source, such that the scattered radiation
that results fromthe beam of penetrating radiation incident on the subject
is detected. Although detector 106 may be configured to detect scatter

radi ati on, detectors 104 and 105 nay be nore optiml than detector 106 at
detecting forward scatter radiation resulting fromthe beam of source 112

| nt er act gy ielsburdls SRbIERH oAl ARASECUBREVERRS e ALIbIR0RRy bSLEhhAY | Y,
detector 116 may be configured to detect forward scatter Tadiation, but

det ect or sis thedcasmaged 4§ displacedinrovesticapdirertibn invzgasidg iredewtion.16 at det ecti ng

forward scatter radiation. resulting fromthe beam produce ource 102
|t er act ng. wib AR BT REAY bt Pitacrt Fbi PR E AR R heftle B0y 5 °T 12 ane
115 fr Omslsmué Q@tlh_dxﬁt%ny rc]letectolrsI cboplad tu 1w enovosblelcardsged Fméiamplegfcaﬁriagesg a(r:I ri ages,
structural coupling that allqws the carriage to nove as si ngl e y nmay
be provi dd§and 110 may ﬁacii}sb_é,pr%“@iﬁib‘i”gﬁmérfﬁ‘éf?‘g’teémﬁ H]“n(f?s;ar 18& ]tlﬂeﬂqﬂgf_ﬁgcti on
system ange! [efhid AEmpRY SchRdasy di&idts RRY BE BEOWRK thét Abtedt tARshRRSiogUb] €Ct 1S
scanned from at Ieas_F_fwo sides in a singlfe pass. As a new subject enters
t he por t andfopscaferandintion astthecartiages argedispdaned brd)thg sewraesltamaterastivaiisnect from
their curgent ..RoS| tii S e i e [ca i opposite

di rection hS‘ Ea&lgréaﬁ giétg‘gr{g%tm %{e?sr B r'?gedlq %i&ilﬂge g’%“\éﬁgu{“té‘h‘(sé' g%gﬁﬂaﬁg%t?f exanpl e, one
subj ect idstesadmneyalasbé previdad, rfolegample; éh 4l splyaha dxiendsappiximataly thié r ecti on
decreasing in elevatjon and after the .scan is conpl eted and the next

subj ect eriedt %ﬁf%vﬁgéflﬁg?‘far’g%ﬂ?j‘éé‘im%ﬁP"B@“%g&m&&eﬁgﬁ‘ﬁéf“&’aﬁl?‘ﬂgg‘8§hear e

di spl aceQeicBiops afabRdG8 thelialrRGhd MUsttadsd iRF34NY I n el evation. _ I'n

anot her enbodi nent of the@E)r esent invention each carriage may include a
source w t houtWhilpFigek garerlls illustrptes epchsarriage aphavins asoseeer it #gwithipdie exanypl e,
carriage 0 d . . AL QVI j ors 104,
105, 106 ettt TR prBEigR Wl Gy U SRbr BllVcaltaglPhFLD ° DU%L

provi ded prdrvdade dsheatdetectnsniiesamn camidsoas the adired, andialcataspondisg t he carri ages
are displaced. and éfge sgurces al ternaée actjvation. The stationary

et ect or . tationary

d SransMIsHPY O ERAH scaitey deqten ondhe eRROSiiE AEBPEd CHHBES  at i

det ect or s\|{¥AtideI§ OhD BppakAYd Mastratddih FeX arduRl oyefat@wmabmamé bBtrcext ends
approximately the length of travel of the carriages, thereby allow ng them
to det ectong gaffiagd pradusing peaptratingradiatipa andtthg eppasitdy fisepsed carragewialy ages
illustra I I ' £l E{]ﬁr iLhl ustrates each

carri agetdg{éc d;\/@%%tl%r}grgﬁ?cgg,byw %%Tl\%etgﬁ Srjcllbg e g?%)%o%aglg?' t he current

i nvention to pig2Adeanilbswativn ofn ladlsyreantgpopositivmecatachedge s camige of provi de a

scatter detector. on the_sane carriage t he, squr ce, .and orrespondi n
IR G PR L e R R W L
carri age pyuinefad#1 knottsylead REvAR08Ad B850 Eduplsitth dhridedsn 061agd 110 aRtlhtoper at e

wi th only one source on one carriage produci ng penetrating radiation and
t he oppo®s thergtagy legshseeqy matars 2Qfeand 208 Rere) sarging ah the pasifionsrs grepnseiekd by

that car rsfn?tﬂﬁ‘in@o%sﬁfupirﬁg es jlalQaﬂdslf.Ogﬁe na generall}F b&tica@é}r&?ﬁﬂ@ldd lthl§t ration of

a lead screw type-positioner atta to"a carriage o e current
i nvent i onxis Bhietatiagif tigpirapgectinedsad dckavest rT2niefigure illsatePohe thmesefgnat ed

1y b | 11. I d 210 | ed.t '
700 ana Peotatitira ay SeusPRESyeT B SRR ARGt R S84 ey £°°°

Servi ng @agcebdiey Bigsladdnnemdweddr CoritfliBémsl o Stheplesén @aualioh mapincopgrse 100 and
110 nove in a generally vertical direction algng the axis of rotation of

their regpeesystems thaigar by wsgd to agliievedisplacempnt|of iercariages nEness pistedts
position . i . t 1 - C: i € .ent i nventi on
F o achi o B e e B " present
i nvent i osystay, wiriclompy nset edeattobreagnstisn proputsivat, a bpdratles systenh, vioa pulleyeve

di spl acemert]t oi thegﬁarr"a es. T se.sga%tqu n% ing)l udleﬁ, lbuoti%rgr not
limted tHe Faginveiipnalsqicoptemplafes dispiacing tae pqriages O 2 SIS POSIONET i ch
My use aeBldofple@eaE bafhEdsO UL pbsitioned nay diichitlel aCsitfplS p&ivionF havirpd | ey
system The invention also contenplates displacing the carriages by a
single positioner that is coupled to the carriages. The positioner may

i nclude a single positioner having a
11 °




mechani cal platformcoupled to nore than one carriage. The positioner may,
alternatively or additionally, include a systemthat allows notion of the
carriage or carriages in a direction or directions other than a verti cal
direction. Any of the systens described, or any other positioner used, nmay
be commanded by a controller that includes a displacenent encoder 212 to
provi de displacenent of the carriages to a specified position or over a
speci fied displacenent. The controller mght further cormand the rate at

whi ch h%&h%&ﬁ%%% c!ﬁ}%)l@(ﬂr&'rﬁ(\/r@%a‘ﬂron@@%rﬁé@efherﬁ%gijﬁﬁﬁ&tma\ﬁr' abl es
pertaining to carriage venment . I n ohne enbodi nent the positioner may
be coupl edietnativelylpsgsiditivaally, énahudetrerystemahatalipive orotion of thayaregewrsposed on, as

opposed to_the .nposj.tioner being cqupled tq.the.carrja enbodi nent
ohere”t neantsafy R b Rl s SPP LR e iR 2R R0t d b st oct 150
may be didegpibed opany biher gosiivpbrusad, epiteioamhandbdiby acontiotieatheintledaseen t wo
carriages, .the positioper pmay var i

ﬁ‘ffgﬁ%

y ,thle heingh{) of the menbergj a direction
havi ng a aMHsPlqcerent <y 1 togprevide displagament ghthe carriagesdQAsPselisdon of t he

subj ect i3siB6RBPGREr B¥pdchifedCfipidR@es: The chitkdlle M RFRRE cdmiBaRPIRB rdteBges
produced through noving the carriages in synchronization in a direction
havi ng a avwehichdhd displegsmsahis aglrieved oh pey etlbietrstesay aanales perpivélgtent s provi de
for a varciare}ltigpnoiv &He relative orientation of the subject with respect to
the carri agé"%, W € mai nt ai ni ng each carriage at an elevation that does
not change wi thofespealimén thdgshiohermaabe ¢augled to a displaééale @dnbes tlat pr of i | e

vi ew of an enmbhqodi nent of the present jinvention used to sc person who
has ent e,sglaeqtﬂggw&eﬁgspg QAR PPOsed tp s ROsTHORSF _eH’@i"@H‘?lg‘g?o "Fﬁe sources nmay
be of f selcafrfaBtl, G eheMHddfhers %@rettf?@{aosﬁﬁﬁ@r BQHAMR tSa HispladeaBledhentbePOSi i ON
that corresponds to the height or elevation of th 0osi ng detector that

is confi duatawhiectfldp masibe disgased od. foy pranerle @lgteélwmﬁplg o brappbeWedn det ect or
conf i gur %\Qh %a&igé%s}]gl? 'B?Hhér?ér% ‘i% rsgtfi&e hé\},gktltﬁoq{tﬂ%mgﬂﬁ&tigg dﬁgctﬁmgﬁ{litnb %ﬁl hei ght

on one carriage S comensu source | ocated on

opposi t elvgrtidalsqoapedent auch thgahe Sitbgect oreghregegippaf the ushjed ésscgmet dy tiener al |y
by nuneral 12 ir] Fi.g ZE%Fﬁhows that .of fsettin d%he g{s?ources here saurce 252
and sour RTS8 Indfjs gabodimenfhesany ipsesdredyyd frauebdpoviag s SFNgeedPr i ages,
here car i}, @Beshiz:fen #8ldidkGon ENin®X% ML compbidt ERMathid@RIsbev@ise bsth | ar |y
configured with the source centrally |ocated and producing a beam of

penet r at iemgodimentstrireyidd fos mvariationtin Hie relgiine prsmtasion oh thesgbiestayth regissh

carriage el d.He.CoMAL Gidg fng% (fhecscl 'aY&Jx} BgvsitiBh%?ﬁ AhoPbhafibEWAh! ON
wher eby one carfirage Is Vertiear y off'set Tromthe ot%er carrrage such

t hat t he respsqieetheothes carriage.of each carriage is vertically offset with

respect to the.squrce of. the other carria This setup.still, effectuates

t he use of coﬁf%’ 8Er‘%15p’é)ﬁéeei’18%(t° A3 e‘&@"%@&{}‘ig‘gfdﬁff Efe%?ﬂ’i‘c?ﬁ%'@}é’&us AP @t arty,
during t Bersbih Who had &terad tHM]ﬂiBgiﬁgumfa@atQ@ZAé prediolidly aldestedethesbwres mp3 and 254
may be configured to detect backscatter radiation, detector 264 y be

conf i gur &8 offeetdonbene anpthss sHch has gaghagpeee iivhecateth?l agosition dhat s@EespeRfshe

confi gur r = i he ti nmer
ot er val et SR AONG o S6RkEaclealts fat Bton SHHAE D R e ied

conf i gur egpetod delettnt Hoaekesuye, tagietactnd icantfigmmableifor sensorisst@Bdatesjiopeivpnf i gur ed

to detect transm ssiqn radiation, .an etector 254 be confiqured to
det ect fi‘?“\ﬂ%ﬁ(ﬁ% X?ﬁfag pe@g?%?qeo%?nagegha? lﬁﬁo&m%uﬁaﬁr‘?qﬁ}étrhe iS?Lfrﬁes{OF %? &es | ead
screws 2% aabfpadfidlyldispbsddrcariage. ThE in ppafdtiadsiZhftetiioérteraiytbyon in a
generally vertical direction as the |ead screws are rotat&d by tors 255

and 265. numeral 1nFig 3B shoys thghoffsettinedhe squsces MFreRMres 257 aBHSWBES 28heel s
confi gur 1 hait ' habeen that is
i dent T B R o e s, B e Ao "3 by
nuner al Far exBplé vehirageewerrspadabscoatigpied mathtthesosigrcerisaltydogatestiuc e

radi ation _inci.dent on the supject at .digtinct ti [-nt | s... This may be
achi eved? P‘iﬁ’dg‘"gg %EW gf%?lgg%t}%,{gﬁmq ﬁ%msaocﬁ?t(r:aelrﬂgcra {19\1} ?%M% "%‘ng source
that tragsdH dafridgadb@tibeBowbléd toGhelieSpdctiod psitiohet stta@lelevhiion Wherthyeorevent t hat

a steady state transmtting source is used, the source may be provided with
a chopper wheel that has one-half the normal nunber of slits, for exanple.
The apparatus will thus be provided with a controller adapted to

synchroni ze the sources irradiationld a subject such that the sources

al ternate producing radiation incident on the subject during specified tinme

intervals in order to achieve frill width scans on both sides of the
subj ect, simultaneous to the carriages being disposed in synchronization in
a generally vertical direction, by the positioners or positioner. In

Fig. 3, a first and second carriage 300 and 310 are shown froma top view
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range is illustrated by lines 315 and |ines 305. Lines 315 represent the
range or w ndow t hrough which a beam produced by source 311 is swept. Lines
305 represent the range or w ndow t hrough whi ch a beam produced by source
301 is swept. The subject is placed between the carriages as illustrated by
mar ker 320 for scanning. The sources produce a beamof radiation that is
swept by the chopper wheels 304 and 314. The chopper wheel s incl ude
openi ngs 303 and 313 that allow the penetrating radiation produced by the
respecti va, SouECRsidafy BeErs@Tidnt & ol eM8hed i8h GREMHNGDedie shGc¥bERLE Move in
a generally rotary nD¥|on. The rotation of the chopper wheels may include
full 360 cdwipgeds veotically ofifsetovith nespsct tPltlee soptegtof dhe athercasiaghoppesetitheel s may
al so incl ude oscillati ot atian _or an h ' | ows t he
radiatio r?%ﬂc?ffgé“%%%ﬁ‘ﬁ ui dtkonfigirable detectorsFobr e&ﬁf’e“gfyt‘g&e‘%sggc EQ\%@ Yhi'el d t he
radi at i orjugif tHeatind inGeivil ehef GoUrce23Mis activiatddelewatora283iang 284 inely bany of t he
openi ngs 303 and 313 are not in front, of t?é dir ctk&% of radiation

- Bl

eni ssi on PRBgHTER L detges backsqaftgrradigtion detectat 264 may beeo 0 the

const r uctigd o Afssibf elliflon24h RELRE 263 I BE BolBuRId 18ldelebdbreird SGittbvel y shi el ds
the radi ation produced by the source used. shown in the figure, beam 316

begi ns swediptiony Rurthou ghringthg én®1 Mitervahytheasewas 262is @pidystrsrdeigstass 26304
shi el di ng_r.adj at.i on 30, . . iJ| continue to
al t er nat %nggg%énag\%ﬁﬁ?n%%&{(ﬁtglﬁggegtrllpaélé%g&%rr gdlgrtgo&égégﬁogg?e@?%éal direction,
into or aohfigired tadepdcatiansafissidnaragiagien, ahddacdar2Sdonaydie ceuigwred tngeteet e scan
of the subj ecé. Al ternative configurations may be provided that allow

di f f er entforyard sqatignsadiafion-adi at i on schenes. Fig. 4 is an illustration
of the Inspectpi%rmsm&h&mwtmestﬁ@aq sWieWi 281 aiH BEIChASHEAA irisRBR80 Mg t he
carriages and the at |east one positioner during the course of operation.
The encl @6Qmdthasotionsip 2 gen¢rake vertipad diregtion24 thergad sgrewsrerotateehy @ﬁ{z)é? for
scanni ng.zsgggd%lgl osure may be provided in a nobile form The encl osure
illustratéd 1s provided with carriages 400 and 410 that may contain the
desi red det ectRig. 39outaeviewwbiwaiduares méthchogetr ixdieels benfippeedishickcthgcthani ng

application. These carriages are.displaced.in a generally. verti.cal
it ect | orouREmAY aS5atF BrORNeNG AR i Rancieieht Gn BeBPBG LPedraEig

det ect i ORpEMEE S dESiknatddd i FBCI B MirferBBIS. I THe!ikklBtish idoRipadsys sbesd Mies
| ocated on the top, bottom or any other sides of the container. The

i nf or mat isowcetioaremse fadition edidest on Hiesubjadbdistndg timeyntseals dhisomey
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conceal ed object of interest |ocat.ed, on. a scanne bject. Th ncl osure
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encl osur oAy Mgbedafdlied fdrekatple. Whé BppardteWilethaded protideswtham The

encl osure may provide for environnmental control so that the internal

t enper at ¢PBirolifAdaptadyto synehrostizeshe pasiroasiiEadiion) of gsubiestsuh thatthe sQ3fiessnt , or
ot her en\éﬁtér?l?t{é?ﬁ&%icin{gq%i%orrﬁ&dgﬁ o?%@%e@pdur@%gﬁngﬁé@ﬁ% ftdys ifal an

i nterior por he encl osure fromthe surroundi ng outside environment.
Sonme enbaddaremschiok fulhwidsh esmnbn botheities ofitheaybjed) smeltangowsetoitorls and syst ens

for inspecting .objects by. neans of penetrati radi ation that.use nmultiple
X- T ay soGF‘E@§;9S W?&CPR%@B‘@P%?WF%@&P? 9g5‘2:etr?r]6'a‘fegt ,a? e YiPed in U s
Pat ent kitieadrt @,rpdguwnélc,at ion No. 2007/0258562 issued as U S. Pat. No.
7,505, 562, hereby i ncorPor ated by reference herein in_its entj rEtﬁ{
In Fig. 3, a first and second carriage 300 and 310 are shown from a top view. The

carriages each illustrate a source 301 and 311 producing penetrating radiation 302 and

312. The penetrating radiation may be produced in a range dictated by the source used,

and is not intended to be limited by the illustration. The range of the source is

determinative of the range through which the beam of radiation is scanned or swept. This
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X-ray sources may be based on field-em ssion cathodes, offering advantages
in both spatial and tenporal resolution when conpared with therm onic
sources. Because field em ssion of electrons is produced by a high electric
field, no heating is necessary, whence such electron emtters are comonly
referred to as cold cathodes. The el ectron beans emtted by such devices
may have | ow di vergence and thus provi de ease of focusing. Mrreover, the
virtual Iy instantaneous response of the source offers tinme gating

capabi | 68 i RBRREDh Pt ifidsTHs! : nt R aR@Yrvthd i Cui t
and may tggé@gé& ast tg&;ﬁ}ﬁgﬁggggg%ﬂﬁgﬁésgisngﬁgh?gn r?éechnol O%B;/q Zhang et
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Emtters, .i di cal . ihg 2006 Pr j I Val. 2, March
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estimted to excee hours. For an accelerating voltage of 200 kV, a
beam cur respectivke sa@cesto ha smitéadrthippak theopeningreasdhowhesds movhiaregeaerally . paper

is incorporated.hergin Vi C i i nmeter and
pul se-r egaenu ot agiedodor §f B ERBRer BERAER Hohle Aot Rk o Bt B
t he curr @plesst Bliceroadtioh betharchopper wheels thiag alss énobfde @ bsaibatthgaatatiates i n t he

context of an x-ra ource is alsq described by, Cheng et al.. nam c
r adi ogr aj3RY Odhes ‘ﬁ‘@“‘é’ @’étr‘ﬂ s tbeadighen B’g@es&arfqe& éfb%ﬁ‘f‘géf Fgd -lgw[géource, 75
Rev. SCi opbltifely WM the ridliatRAChilPREh thltuk® dnh ikeR/aPdurtiwiGe shycat hode

source arrays i'n a scanni ng context is described by Zhang et al.,

St at i onarof theepanrings303-and\313 erernas ibfiens of dhe dirgetimnoifadiaiumanissien Ho@ni tters,
86 Appl. Ph 21t { i re
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cat hode supitableematerialythatiefifettbwehgshigMisythe sadititon pssiadedlyy ihamgeetsed] As A

nanot ube- pased field em ssjgn x-ray source for m conput ed t onography, 76
Rev. Sci .SE?‘??%fr‘rtI]ﬁgﬁ?@; begm E‘“@ﬁ%ﬁ%ﬁ“}g %Fﬂu@ r?@egﬁgﬁmfr{ﬁt%?oﬂﬁﬁoat ed herein
by ref er @agser wheel 30PsIHEIIRoGadigtich 302t H6ERS BY EGRE 3HY Tad beathagdbus y
provide for electronically turning on the sources, and with |ow | atency (on

t he nanoserting te aligragte being swens gs Bisicraiagapain loved ey wisica direation. IBIORY |

bears, a%u%fttﬁﬁ)l‘aﬁ@&t I%‘lg g%:; {g‘e&H& 1§ abiAdve J%%ﬂ?&e lhSf t}f%rsubj@.l;tt ernatively,

selecting a paitern o s at a given tine to formcoded beans. The

devel opneviterrafivEbdiidiguasions ineybel proviled thaan kllove different interteal ¢eimgdiatior| at ed to
current stability and cathode life time to be overcone. The gener al
oper at i of°5MeS col d cat hode x-ray source, designated generally, in Fig. 5,

by numeral 108y 4ii$anBlubtrdtidd F SHeARshettiont ySte@grovitell Wihifl@s en¢lbsde frt h

refer enc?:ortltginliillg%he carriages and the at least one positioner during the course of operation.
The enclosure 450 may include a portal 124 that a subject may enter for scanning. The
enclosure may be provided in a mobile form. The enclosure illustrated is provided with
carriages 400 and 410 that may contain the desired detector source combination required
for the specific scanning application. These carriages are displaced in a generally vertical
direction. The enclosure 450 may also include a stationary scatter detection system 451.
The enclosure may include stationary detectors located on the top, bottom, or any other
sides of the container. The information obtained from each of these detectors may be

viewed or processed individually or the information may be processed and combined

with the information from another detector or detectors, including the detectors located



5. The col d cat hode arrangenent advantageously allows for a high degree of
control. Voltage Vg, between gate 1012 and cat hode 1014, governed by

control circuit 1013, controls the current of electrons 1015, while voltage
Vea between cat hode 1014 and anode 1016, which al so serves as the X-ray
target, controls the electron energy inpinging on the target 1016, and the
vol tage applied on the focusing el ectrode 1018 determ nes the el ectron beam

spot size. ~ Wile Fig. 5 depicts an assenmbly in which the x-rays 1019
are gene ro%?a‘%%rr‘{dg@ iRordef doSsbtdi® ?re&t@f 8&4ils Dol AEHRB3aIRI diject of idRtesiR¥atdd SO be
enpl oyed wthinthe scope of The present invention. Application of

di scr et e on-arsagnred anijest. Fherenglosury mayedsorigcludenonsite ispretion coiittols ade@npr esent
i ti i ith the di i | it - -,
twoe o AYEs ien R e kiio kAT bERRdRo ekl drchiBle SONSES, B LO0C
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L, f Fig. 6. A
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(typically vertical) axis 1021. The entire device 1024 can translate in a

t r ansver serrdindéng quisidel @Fonmei cal |y horizontally, so as to create an image

on a |line-by-Ildne basi t i rr ahaut
| ongi t udi nal (Sf’&“ﬁie&%%f‘@“e&‘gr‘%ﬁé;ﬁ ée\é‘%“ﬁ%@’?f@u‘%&%ﬁ%@%@ Eyesam 1026
sweeps | Horinkfeatity 6bj&ss by memtsiof perfegtngradiayiph cek hse hdtipleontaglsdwyyes, t her eby

creating a.line-by:-Iine imge, but w thout entjre devic vi.ng. An

i mage | i ngighsmay E%t"éiﬂ’ “&ﬁh?’&gﬁ“’ edsésa#%?f% t"hy-%e5&%8@@%&?&‘?%@‘1“?@45@% ur ni ng
on one soW. eB0 024583 istudd 43R).51Pak. . I, 598 562 Sifdréby-incorporatelRBY edfereig NOW t 0
Fig. 7, a two-dinensional source array 1030 nmay have no nechanically noving

parts andeggin mvitseotitatage of a predefined solid angle (deternined by the
total nunber Q PP iefl t time. It
%-ra@ sg{u%gssmé:ﬁ 820208 oh lﬁg{dé?rﬁ%%&g &%@%r&%nﬁ% g%ﬁgg&oih

can use a raster-scan nechanrsmsim a ans (Hadamard
or ot her botkpatalred keposatresolution whien campared sitb¢hesmidnid sourdeerBesatredi nent s of

the prese inventipn, a systemw,th controlle el qcity,. desi gnat ed
gener al | Jﬂ’ﬁﬁ/e'ﬂ‘lﬁﬂﬁ?ﬁ ‘gi‘ﬁ%,s YSI ng@,gg%fay Bg‘lﬁh\/ﬁlﬁcﬁlc‘r@?lirr@ﬁbegtq%lsIele%e.s > One or
nor e backgfeatd &ich dRE@6H &hitesQfcatfifohly ¥efsredtdtaslcbRl cathodese TaE elaptrok044 i s
translated with a constant speed back and forth in direction 1045 adj acent

to, or bdremesnitgdibycudydevigsmay Bavmlowdyaasnea pndihes piideaicRied in an
interlac %CJER%?MO%%&]: 'tl*%%&h?lly%\étamaneous response of the source offers time gating

capabilities comparable with the time resolution of the control circuit, and may be as fast
as nanoseconds, using current technology.

Zhang et al., 4 Multi-beam X-ray Imaging System Based on Carbon Nanotube
Field Emitters, in Medical Imaging 2006, (Proceedings of SPIE, Vol. 6142, March 2,
2006), reported the fabrication, by Xintek, Inc. of Research Triangle Park, N.C., of a
linear array of 5 X-ray sources, each with a focal spot between 200 and 300 pm, based on
the use of carbon nanotube (CNT) electrodes. Electron currents in the range of 0.1-1 mA
were reported at an accelerating voltage of 40-60 kVp. The lifetime of the cold cathode
was estimated to exceed 2000 hours. For an accelerating voltage of 200 kV, a beam
current of 13 mA has been measured. The aforesaid Zhang et al. paper is incorporated
herein by reference. Devices with 1000 pixels per meter and pulse repetition rates on 10

MHz can be envisioned with technology within the current state of the art.



Further versatility may be achieved using a rel ated enbodi nent such as that
shown in Fig. 9 where two or nore one-di nensional x-ray source arrays 1051,
1052, are nmounted on a cylinder 1054. Because the arrays can be turned on
and off electronically with high speed, only the array generating an x-ray
beam 1055 that is illumnating a target (not shown) is turned on, and the
other arrays are off, hence there is no need to shield one array from
another. The versatility of this nodel resides in its natural ability to

i ncorporate t hge it &P eHIdTRMBdesA RAWNRREEH dnbefhy sBilde [sQIoUbdTbEQUS! ¥
accunul ate an image. Alternatively two cylinders Could be provided to
produce badiheng etreli Avirateintradingnophy siinges carbor-nguisilechased fiddemissionsX-i n each
array may be proyided wi.th a contro r i ndepende t ' of the
sour ces, " souree, \f%ggﬁ %\A&‘ilﬂﬂru&?ﬁ&bé" Eis%@b&l{)hwgg%@g u\gﬂgceﬁahl\é%%%ﬁ?%chni cal
Ibi m t at i @egrcOarrd)Y il SémRinglcbaterd ivideddribell it 2inme ebsalt,\SerlontmGcamiges is 1 cm
ut the required resolution for a specific applications deman sour ces
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at 120 desi§hof{\6F WHieRieRt bR incRgbraki hieth pyaehdGRL! Y by 3.33 mm Each
array wilI'l sCan lines 1 cmapart, but becausé of the vertical shift, the
resul ting i maddortaier,dheesemif ENT ¢add aathede sofirce heraysyin itoraegrapkiy| i disenseeda

resol ution . of 3,3 Thi s, m operation | fer s "interlaced
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provi ded whéerigii 76 Rev.19canadta@iments, @f 94308 (2005, ywlhick isedsolindvoporatedt al pass.

In accordance with further enbodi nents of the present invention, carbon
na_notubehir-ef“h@y@ iF¥€s configured in a linear or two-dinensional are
triggered sequgntdi@bdly caRodleRarded ffdy aBMEageSEsNE rodide EarRlRudnicaly Sour ces
that currently exist or that may be devel oped in the future may also be
enpl oyed tiring onhssoaraes.cndyvith laivi latenaye(an ghe nanpggcendescale). i A segentidope of t he
present inventj Cl] ' | ajed. | ded
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appl i cat iahernaely eelpainigiaciakterhl of sauttuesdt agdeu sinfean fordmecddet beamnnndhe easons:

The x-ray, squrce c e very c act, especially int i mension al ong the
line of Q?Yeigp%?ﬁt QEEN&S has al%we%g%pﬂfa“étqcﬁﬂgﬁfl‘%ﬁqnﬁ? rSP\?e)gf%? STH ans

advant aggRyiy alde@ods lifdMee tdbesdvfdohRN associated with single point

sour ces. Thi s approach to 0gener ating x-rays provides flexibhility in

i mage acqui si fTheaenegdoneration efrricoldeathndertray hawrcs.dlesignated graesaly, indigur r ent
single pal! w nﬁ&ﬁérglylﬁﬁyfs%e]l%%&gto%x $ §1%%rt and is described with reference to Fig.

5. The cold cathode arrangement advantageously allows for a high degree of control.

Voltage Vg, between gate 1012 and cathode 1014, governed by control circuit 1013,
controls the current of electrons 1015, while voltage V., between cathode 1014 and
anode 1016, which also serves as the X-ray target, controls the electron energy impinging
on the target 1016, and the voltage applied on the focusing electrode 1018 determines the
electron beam spot size.

While Fig. 5 depicts an assembly in which the x-rays 1019 are generated via a
reflection target, a transmission target may also be employed within the scope of the
present invention.

Application of discrete x-ray sources for x-ray imaging, in accordance with the
present invention, varies with the dimensionality of the x-ray source array (one-, two-, or
three-dimensional), the scanning mode (raster or pattern), the dynamic use of different or

varying energies, and the use of time gating.



By using sequential triggering of the linear array of x-ray sources, a
backscatter inmage can be acquired w thout cross-tal k between sources.
This invention, when applied in a configuration that sinmultaneously
captures two or nore views of the person being scanned, advantageously
enhances the throughput of inspected subjects. Another enbodi nent of the
I nvention is now described with reference to Fig. 10A. Sets of carbon
nanot ube x-ray sources 1110 configured as linear arrays 1111, or as a

two- di mensi onal, e%lfoﬁ)fnerﬁiglethgli%ﬁ@or@@%\éﬁx&@@wﬁh?&@r}en% todlig.lhA cedes of , a
person 1112 being scanned. It is to be understood that a person is shown as

a repr eselimeatsionel akyd20 of x-raysyoenes B922 ibdispesed vithrhacksspitar detgetosn@24et hods

t ht h ' f | | e. li.cabi i . ' ) 3 i
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si descat t1024 &gl temklateSn aft@hsveis@rikaionallis pgpicaliyletontally,ap s teecreatadt er ed

Xx-rays. The person being scanned wal ks thr h the x-ray, bea 116 or is
t r anspor tBaze My Hligfby{ingpatis ALERALTELY: 3118y ﬁ&/ﬂﬁ@?y Hofafy a‘Eﬂ’f( H’é‘ﬁﬁﬁmﬁover A

hand- hol %y?njcgtl?y PBYic ] 38 ARIRLOYihded rayIRAA D26 sw Ok GE8 trddslErséBireddidnact i vat ed

sequential’ly t'o provide spatial resolution in accordance with known
al gor i t hitzgak, ¢ypicedlp hdepintally) shdsplescereating ling-bydlinedggpe dupwiheutdhes t r aver si ng

or | ¢ hiegal, upice) ) Sl _
Mnspoct 1 ahigRsTebof g0 Rads 3 ARELE Py BRI KGnbikg e QU e, |,

each of whinehingey cheRbwta1022neatingksin aytd swaedsions source 1111 depicted in
Fig. 10A, each of which is conprised of Itigle dh@gqete X-ray sources
aheqyite

di sposed al on&fegringnow to Bgs{, artwa-dingensipn agap B0 MY havedid her wal ks,

or is ConyeNst Y fRYEYREs akd Afow tovesatRldra pRRIBNASI 3%d bRglb ddtergiiddder ent
parts of his/her person scanned by respective sources 1160 and 1162 during

t he cour e theftotal avmberiofigourprs 1032 pedtheis divsrgenre)rin a very short time. It can use

a raster scan mechanism similar to a CRT or pattern beams (Hadamard or other coding
mechanism).

In accordance with further embodiments of the present invention, a system with
controlled velocity, designated generally by numeral 1040, is described with reference to
Fig. 8. One or more backscatter detectors 1042 are fixed, but the source array 1044 is
translated with a constant speed back and forth in direction 1045 adjacent to, or between,
detectors 1042. Such system may also be employed in an interlaced mode, described
below.

Further versatility may be achieved using a related embodiment such as that
shown in Fig. 9 where two or more one-dimensional x-ray source arrays 1051, 1052, are
mounted on a cylinder 1054. Because the arrays can be turned on and off electronically
with high speed, only the array generating an x-ray beam 1055 that is illuminating a
target (not shown) is turned on, and the other arrays are off, hence there is no need to
shield one array from another. The versatility of this model resides in its natural ability to
incorporate the interlaced mode, as now described, and to continuously accumulate an
image. Alternatively two cylinders could be provided to produce radiation incident on
two sides of a subject. The sources in each array may be provided with a controller for

independent activation of the sources.



Yet a further enbodi nent of the present invention is shown in Figs. 11A and
11B, in a configuration approaching that of netal detectors in current use.
As shown in the top view of Fig. 11B, x-ray source arrays 1210 emt Xx-rays
1212, viewed nost clearly in the front view of Fig. 11A Array 1210 nay be
provided as a vertically disposed array. Each source in each array may be
activated i ndependent of the other sources in the array in accordance with
an enbodi ment of the present invention. X-rays 1212 inpi nge upon subj ect
1112 as he/ Shqn&géefﬁg ShbelIsul RLASSHIHRR, 3hdiol téhnidEShENAIne dr BRasi@l, | y by
numeral 1200. Radiation scattered by subject 1112 or by objects carried or
worn on tthemsnitmuecdistanqedetyeaen itwo satresstis H cipybus ¢lg regviredaesodytiondon®20. Scatter
detectors 1220 generate scatter si I I.Sp: netrating
radi at i orfp?%éf/afg’z]tc%t&(fn,s%Si%n({shsgursc csarf1 F%fi §‘sr}(’?'él‘na Flrg (gr?g Cg‘%ngfgrétéﬁs}ged y processor
1230 to dimessiomnstrdydard plioedtahi Hodegrat ené fiba aaottieohidebified ivartmeldpbylance with

known al gorithnms, or, otherwi se, to disp]ay a suifably .processed i nage of
the ins pgxc:f%’a“h Eeshearrayayil cf_f’%‘bll“%ﬁ L itBhiRagy L‘f%’ﬁfﬂ‘fs"f ﬂ}‘gf’ / %@Ealéggte?hean i mage is
generate qgsu‘{‘ﬁtjffé]niag@ £dr &' Bplei@@eation JF tHETH Andie W8l RavdikebdlutidofapIBanaed
clainms, signifying an ordered array of "val ues corresponding to spatially

di stinct Bliemedt of aperatine is iefepred taes ‘Gitpdaced noidad dof e syderEepigtediihi ni zes
distorti d_.sha i 0 e ; ﬂ}ﬁ? FPRadpechni ques
that rel %%@é%%rgaé’gw&%g“r% %’?}éﬁe %IJP g@? ‘?Y/Qﬁ%ﬁ‘e"? I frag%ﬁlgﬁgg%g%coegal mage

di storti diriaswlalgfasdow ng. These advant ages may al so be applied to
conventional transm ssion and backscatter .haggage .syst.ens.

Al ternativel _y,In arsee al“ﬁ?rﬁ&hi‘f‘? r%‘BE‘?fﬁ@th_s ﬁﬁ@‘e_ gesg%P%“g’?éafk @POR as scanner
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i ssued Jul. 23, 2002 and entitled "Method and Apparatus Tor Cenerating
Sequent | aequatiaty asfdepasibed phevengthradisereieantay sowpesthateurraathy ¥ &F B9t herei n by
reference, S ' fidig18SnahdQ that are
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2418 can dnd asnwitleh et scopepafiteed presdne mvertionestdestgibed hamigendas clgimedd ins magneti c
or electrostati 8 (g)lk.es. Penetrating el ectromagnetic radiation is emtted by
target 278Y2BRfE ﬁ‘g &™*hrough a col l'i mator 2422 disposed a specified

di stance fromResd af Gk, soluldbSrriysadish Bpe FQOHBAppIMatipamal be paiiealary of

radi ati on. In cases where flying-spot systens are realized by

nmechani cadvansageaussioe thedellowingreasepshoops and chopper wheel s, these aforesaid
criteria may be net, > ' j RE 1209 i1Pthe BRI RNASH L A
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operation is dtwbinsbf airgdemissich.S. Patent No. 7,400, 701, hereby incorporated
by reference herein_in ts entirety. Thus, for exa e ol l'imators
are rotated to defi rﬁjéef’h%ﬁﬂ%ﬁrﬁ“@f O%’f’?ﬁaryg’gﬁ?'s§‘§)Vrag%g%°er?§lr¥f§6%,g{r§?%se-I oop
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fan aperture (the tdhifiapgioeehtoaegerating x-5aysxomidss flexibility in e between
extremal Dbeams i ﬁﬁ% Al SR IR iSQHERYior B ANt s dintes the
duty cycle. Inasgéftg?rége ergat&e e@étteaglradf til%rn can nbe cg(?)errg rlol | ed

el ectroni cal | yrayanyrcetbssedegstgrguence of irradi ati on or range of sweep may
be set, without limgation, entirely b egironi ¢ or._ sof ontrol.
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i magers. e system descri may advant ageously provide for an

i mge to be deenharcksthethraugkpyof Bpestadsubisttseach successive source 2013,

2015 and 2017, i ch 1.t be 2023-2028. Ei Q.. %g | ary
t hree-vi ew syﬁné’ eﬁﬁTg&lme?%&ﬁea nve%’(ﬁ’?és, n%%ﬂ%s,%hg C. ﬁggég%e@é\}’égﬁ%
traj ect orfipas Skl aF cabéh L@ptudB &Lray sources 1110 configured as linear arrays 1111, oras a
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The beans from each i mager sweep in sequence, such that no nore than one
imager is emtting radiation at a tinme. Thus, source (or 'imager') 2013
sweeps its beamfirst. Radiation scattered froman object 2000, as
represented by rays 2044, is received by all of the detectors 2031-2036 and
transmtted to a processor 2040 to obtain inages of the object, which may
be conveyed through the system by an optional nechani zed conveyor 2029. The
signals fromeach of the detectors are acquired as separate channels by an
acqui si-t QR dedsoRal Q;Fﬁysa@rp%eé gbdve (ésed%@/h)a& dt @fe RS B, Qfpetdf 1117 ee i magers,
creating "slices” of the object as it noves by. Referring now to Fig.
13, a si dsingseannicd. hhmbeomd@m@oéthaaﬁ perRerhis Sb‘?WIFPSgF represenfgtivi objeghint s
de5|gnated d 205 mhlch t he
beam of soﬁgéég?é%éﬁ%g§§%@gfﬂgggg gggﬁé&gﬁ: '5m2§f§§8%g %ﬂﬁlete%&or 2031
as obj ectto 20yl &bjeq, whalmnadindi dreinaimateg in a | ateral direction 2016.
The signal s fronltge det ect a electlvezydused ecqpstruct an

X 4

i mage of the GG ete@f"f‘f'c‘élg’c‘ﬁlflgléfr‘]’ég%ﬁﬁ%"tkﬁ%eﬁ%r e&‘éalﬁgﬁ‘%eé‘éfrt%% Btectors

2033 and e?(%ﬂie SroBbsiQdHea o iphite BéteR xUB§E. UTheAfersof dein@lse4hnBd Makgs from
source 2017, these sane detectors can be shared anong all sources, and

result i rthnongh o &day bgarmSelrl 16.r iseteanispastogithnuglt by wRaKsuelsas fonyeNdr det ect or

hardmare t

advant ageous rpeoﬁg% ?l%\lldlolté(\)/{/altg y| ng)\/ % bQ °¥$H§E§%‘%£Prﬁg§¥%‘é’ to be

practi cednayrbeaacevméd aquﬂmmrlgtd eoeide fspnnmbnresmlutldnymabcordme with) knpess tal k, and
i ndi vi dual i ers f.or each view The

2?/02! BOJQ%F@H\?SHEFO?%E%&}’ Ej@%‘gtll(;i%g’rsélc%fﬁsw?ﬂ‘%?&éqn P8 o a source,

at | east lﬁaibectfiﬁtseﬁ{bﬁrthata@des@gﬁﬁfzaIgaﬁ&ghﬁtbﬁ@arﬁ&au 1190 AREhesiiGiethtidd 1OOSSi NQ)
may al so all ow shari n?éof scatter detectors between, or ampng, inagers,

al | owi ng hepe oscricedlebpndabacksoyrse 1167 eashei whighgaayepatain Vnea\%/?‘frﬁysef ficient
use of dehaeiap {;@&i‘){iﬁa@w&ed in Fig, mAaQ | FAEANS c%ﬁrs%d%??{&ﬁwwm@éret%e' ective

regions o esired anar positio I magers
al | ows s|xr-‘maytsaneemhsposﬂdcn‘icﬁngmrwasdkans‘femelie thc—pagyssubﬁgalﬂlmtbewalkh@rspeed

wi th which the ject is in the | hi s rea S|rrpI|f|es
the desi gretsmevdhgnvisar TB W el ¥ aiprtet SRR iR G Rh e (e

nul ti - vi @étsbi sRaséd W‘re@é‘éﬁ%@ouwéblSIGMdVllldﬂahrlﬁg%hBeﬂlﬁ’s@Qf tedversinigatlie €M SSi ons
need not be perforned as is typically practiced in systens in which

eni ssi on IRspestion sHop| anar . The described enbodi nents of the invention
are intended tY%IFFurE%f Sh¥oXERRIr ) @gaqt lwal,qﬁoﬂtfssshwnllﬁlfmganma%h 11B,

nodi fications w apparent to t ose sk In the art such
vari at i onsa aordiguradiohiapproaching thateofinmttal Wdtedtotointsarranttusé. A st shews dothe tef t he

present Iv?e\()&?gft 1%8”1 l%s xgr%f/ Isorh?ge a{n%yg t115103 eon%?)rgg'%% lelf | i&ed most clearly in the

front view of Fig. 11A. Array 1210 may be provided as a vertically disposed array. Each

U

source in each array may be activated independent of the other sources in the array in
accordance with an embodiment of the present invention. X-rays 1212 impinge upon
subject 1112 as he/she traverses the inspection station, designated generally by numeral
1200. Radiation scattered by subject 1112 or by objects carried or worn on the subject’s
person is detected by scatter detectors 1220. Scatter detectors 1220 generate scatter
signals on the basis of the penetrating radiation they detect, and the scatter signals are
processed by processor 1230 to detect and identify threat materials and objects in
accordance with known algorithms, or, otherwise, to display a suitably processed image
of the inspected subject at display monitor 1240. In either case, an image is generated,

with the term “image,” as used herein and in any appended claims, signifying an ordered



CLAIMS What is clainmed is: 1. An apparatus for ascertaining a materi al
feature associated wth a subject, the apparatus conpri sing: a first
carriage and a second carriage, - each carriage including a source including
a collimator adapted to produce a pencil beam of penetrating x-ray

radi ati on i ncident on the subject; at | east one actuator adapted to
di spl ace each carriage with respect to the subject in such a nmanner as to
nove the pencil beamw th respect to the subject in a direction having a

vertical ,couBPRiitsicof8bonding to ﬁ%tlil@acﬁ&lr@f‘éleﬂ@ﬁﬁﬁf Mk irfs ?éctéiﬁ‘élﬁf&i Igigcer adi ati on

produced by  at |east one of "the sources after backscattering of the
radi at i othdgeometry suibimizes distortiomanchghadewing of thedmagh drie, rptoptaeddetectighher ei n

the at | @8BS ATYA Shphe e BiARA Ly BURRTBIHE e, dleplagee each

carriage W respect 1o ect aV|ng verti cal
conponentdistortion and shadowing. These advantages may also be apphed to conventional

transmission and backscatter baggage systems.

Alternatively, electromagnetic scanners may be employed, such as scanner 2104
(shown in Fig. 14) and those described in U.S. Pat. No. 6,421,420, issued Jul. 23, 2002
and entitled “Method and Apparatus for Generating Sequential Beams of Penetrating
Radiation,” which is incorporated herein by reference. A source 2412 supplies a beam of
charged particles 2140 that are accelerated to a surface of a target 2160. Electromagnetic
beam director 2418 can be any electromagnetic beam directing arrangement such as
magnetic or electrostatic yokes. Penetrating electromagnetic radiation is emitted by target
2160 and pass through a collimator 2422 disposed a specified distance from the target,
thus producing sequential parallel beams of radiation.

In cases where flying-spot systems are realized by mechanical means such as
rotating hoops and chopper wheels, these aforesaid criteria may be met by
synchronization of the motion of the mechanical chopper elements, biased by phase
offsets. A system capable of such operation is demonstrated in U.S. Patent No.
7,400,701, hereby incorporated by reference herein in its entirety. Thus, for example,
where collimators are rotated to define the path of emergent x-ray beam 2023, close-loop
motion controller systems known in the art may be employed to drive the rotation of the
collimators. The duty cycle is controlled by setting the fan aperture (the total sweep
angle of a beam, i.e., the angle between extremal beams 2023 and 2024 of a single
source), equal to 2m times the duty cycle. In systems where the emitted radiation can be
controlled electronically, any desired sequence of irradiation or range of sweep may be
set, without limitation, entirely by electronic or software control.

By virtue of temporal sequencing which reduces or eliminates cross-talk, sources
may be placed in greater proximity than otherwise possible. In particular, sources 2013,
2015 and 2017 may be disposed in a single plane, which advantageously permits
virtually simultaneous on/off control of the x-rays regardless of the speed with which the

object is passing by the imagers.
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3. An apparatus according to claiml, wherein a first detector is coupled
to the first carriage. 4. An apparatus according to claim3, wherein a
second detector is coupled to the second carriage. 5. An apparatus
according to claim1, wherein the first carriage includes a first scanner
and the second carriage includes a second scanner, each scanner associ ated
with a correspondi ng one of the sources and adapted to nove the pencil beam
of penetrating radiation produced by the correspondi ng source transverse

to the direct h@psQfenMBEdcAPedthay s AnRLLIUSS pRovidd fok 89fnagefo béMerfRBAr at us
according to claim1, wherein the scannelis are ada teégto provi de

i nt er | eavisth the gruspective ofgach ppeessivesonrse 3018, 2§15 and 2 Tawhichwmérbepmst he
souree |G 0 9 8 RRLCRRSI S I S aspis, sccond
radi at i oRrtc. edth sheepgppaijadtusesahsiaradapianho cl ai m 1, wherein each source is an
Intermttentl Xi“hie %éa?r(ljsi f%rln re]:a?chsi(r)nlélrge(::res'weep in sequence, such that no more than one

imager is emitting radiation at a time. Thus, source (or ‘imager’) 2013 sweeps its beam

first. Radiation scattered from an object 2000, as represented by rays 2044, is received

by all of the detectors 2031-2036 and transmitted to a processor 2040 to obtain images of

the object, which may be conveyed through the system by an optional mechanized

conveyor 2029. The signals from each of the detectors are acquired as separate channels

by an acquisition system. This process is repeated for each of the three imagers, creating

“slices” of the object as it moves by.

Referring now to Fig. 13, a side view is shown of the arrangement of Fig. 13, with
elements designated by corresponding numbers. A slot 2050 is shown through which the
beam of source 2013 passes through segments 2052 and 2054 of detector 2031 as object
2018 is scanned while moving in a lateral direction 2016.

The signals from the detectors can be selectively used to reconstruct an image of
the object. Since scattered photons 2044 detected by detectors 2033 and 2034 from
source 2013 are as useful as scattered photons from source 2017, these same detectors
can be shared among all sources, and result in improved scatter collection with efficient
use of the detector hardware.

Embodiments of this invention, furthermore, may advantageously allow multi-
view Flying-Spot X-ray Scatter imaging to be practiced in a smaller operational footprint
by eliminating cross talk, and by allowing closer positioning of the individual imagers for
each view. The close positioning of these imagers (where an “imager” refers to a source,
at least one detector, and associated electronics and signal processing) may also allow
sharing of scatter detectors between, or among, imagers, allowing more scatter collection
for improved image quality, with efficient use of detector hardware.

In applications where scanning of selective regions of the object is desired, co-

planar positioning of the imagers allows simultaneous on/off control of the x-rays

regardless of the speed with which the object is passing by the imagers. This greatly
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9. An apparatus according to claim1l further conprising a processor for
receiving a signal fromthe at | east one detector and for producing an

i mge based at |least on the signal. 10. A nethod for inspecting a subject
conpri si ng: noving a first carriage, the first carriage having
coupled to it a first source and a collimator adapted to produce a first
pencil beam of penetrating radiation incident on the subject, the first
carriage noved in such a nmanner as to scan the first pencil beam of

penet r at i i iRdinid defEniof ti Bhir6IfixAAy BRAYsidEs BoMm@ath htdgeLATROMANEview

moving a second carriage, the second carriage having coupled to it a second
sour ce arinispactian syptem thus adividusd seqyepningiefceray esussingd nprsyot be parfarmee
penetrating. radi@tion.inci j: €CH e ond carriage noved in
such a rraaﬁ%setlyg '(éi“gl%{ %r8§é0a6§?4 %&?g@@%ﬂ%ﬁrﬁ%ﬁy&gﬁ%p 1|§olga(rifet rating radiation in
a direction hahergscaibedembatients opthe émtentiotedre idtemigd tavbd nexty dxemplarpne

detector, radi ati on backscatter.ed by the, subject: ) ner ati ng, det ect or
out put siZgAAPTeIPYS ¥griations f&?élgﬁat'roﬁme apé’lﬁref‘hté’ tg?selsglgg{f “btﬁ?g a‘a'e‘gléct or;
and char agtieidratibss dndgnsdifittiohs &8 idtbiRleB asbSwRhinttRescdpd 8ChOpresest put si gnal s.

invention as defined in the appended claims.



11. A nmethod acc
carriage is sync
met hod accordi ng
| east one detect

ording to claim 10, wherein the act of noving the second

hronous wth the act of noving the first carriage. 12. A
to claim 10, wherein at least a first detector of the at
or is coupled to the first carriage. 13. A nethod

according to claim12 wherein at | east a second detector of the at |east

one detector is
claim 10 further

respecti vy, C
corrponent&—g!tl@

coupled to the second carriage. 14. A nethod according to
conprising noving the first and the second carriages in

tions, each of the respective directions having a vertical

A met hod according to claim10 further conprising creating

an Lngge based on radiation detected by the at |east one detector. 16. A
nmet hod a .claim 10, further conprisin scanni ng the second
oo ffear Aerede y ;

penci

1?atlng radi ati on produced by the second source coupl ed

to the second carriage in a direction transverse to the direction of notion

of the carri ages;

generating detector output si gnal s pbased on

radi at i onl- ABEBPYaws iy a@‘Pf‘étaH’cmg pmaterighfsatyes assqaited withja subject, the

apparatus comprising:

a first carriage and a second carriage, each carriage including a source including a

collimator adapted to produce a pencil beam of penetrating x-ray radiation incident on the

subject;

at least one actuator adapted to displace each carriage with respect to the subject

in such a manner as to move the pencil beam with respect to the subject in a direction

having a vertical component; and

at least one detector for detecting radiation produced by at least one of the sources

after backscattering of the radiation by the subject.

2. An apparatus according to claim 1, wherein the at least one actuator is adapted to

synchronously displace each carriage with respect to the subject in a direction having a

vertical component.

3. An apparatus according to claim 1, wherein a first detector is coupled to the first

carriage.

4. An apparatus according to claim 3, wherein a second detector is coupled to the second

carriage.

5. An apparatus according to claim 1, wherein the first carriage includes a first scanner

and the second carriage includes a second scanner, each scanner associated with a

corresponding one of the sources and adapted to move the pencil beam of penetrating
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creating an i nage based on radiation detected fromthe first and the second
pencil beam

radiation produced by the corresponding source transverse to the direction of motion of

such source’s carriage.

6. An apparatus according to claim 1, wherein the scanners are adapted to provide

interleaved beams.

7. An apparatus according to claim 1, wherein the source included on the first carriage
and the source included on the second carriage produce substantially oppositely directed

beams of penetrating radiation.

8. An apparatus according to claim 1, wherein each source is an intermittently irradiating

source.

9. An apparatus according to claim 1 further comprising a processor for receiving a

signal from the at least one detector and for producing an image based at least on the

signal.
10. A method for inspecting a subject comprising:

moving a first carriage, the first carriage having coupled to it a first source and a
collimator adapted to produce a first pencil beam of penetrating radiation incident on the
subject, the first carriage moved in such a manner as to scan the first pencil beam of
penetrating radiation in a direction having a vertical component;

moving a second carriage, the second carriage having coupled to it a second
source and a collimator adapted to produce a second pencil beam of penetrating radiation
incident on the subject, the second carriage moved in such a manner as to scan the second
pencil beam of penetrating radiation in a direction having a vertical component;

detecting, with at least one detector, radiation backscattered by the subject;

generating detector output signals based on radiation received by the at least one
detector; and

characterizing the subject on the basis of the detector output signals.



11. A method according to claim 10, wherein the act of moving the second carriage is

synchronous with the act of moving the first carriage.

12. A method according to claim 10, wherein at least a first detector of the at least one

detector is coupled to the first carriage.

13. A method according to claim 12 wherein at least a second detector of the at least one

detector is coupled to the second carriage.

14. A method according to claim 10 further comprising moving the first and the second

carriages in respective directions, each of the respective directions having a vertical

component.

15. A method according to claim 10 further comprising creating an image based on

radiation detected by the at least one detector.

16. A method according to claim 10, further comprising:
scanning the second pencil beam of penetrating radiation produced by the second

source coupled to the second carriage in a direction transverse to the direction of motion

of the carriages;

generating detector output signals based on radiation received by the at least one

detector; and

creating an image based on radiation detected from the first and the second pencil

beam.



