X-ray | magi ng of Baggage and Personnel using Arrays
of Discrete Sources and Miultiple Collimted Beans The
present application clains priority on the basis of US
Provi sional Patent Application Serial No. 60/794, 295,
entitled "X-ray I magi ng using Arrays of Discrete
Sources,"” filed on April 21, 2006, incorporated herein
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thenwgh dremsstralding proggsses. Thermionic emission entails the emission of

electrons by heated filaments. Thermal inertia limits the time resolution of
thermionic systems to microseconds, while spatial resolution of the electron emitter
is governed by the dimension of the filament.

X-ray sources may also be based on field-emission cathodes, offering
advantages in both spatial and temporal resolution when compared with thermionic
sources. Because field emission of electrons is produced by a high electric field, no
heating is necessary, whence such electron emitters are commonly referred to as
cold cathodes. The electron beams emitted by such devices may have low
divergence and thus provide ease of focusing. Moreover, the virtually instantaneous
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.



1 Zhang et al., A Multi-beam X-ray I mgi ng System
Based on Carbon Nanotube Field Emtters, in Medical

| magi ng 2006, (Proceedings of SPIE, Vol. 6142, March
2, 2006), reported the fabrication, by Xintek, Inc. of
Research Triangle Park, NC, of a linear array of 5
X-ray sources, each with a focal spot between 200 and
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The footprint and throughput of personnel inspection equipment at airports
have become increasingly important considerations as security checkpoints become
more congested. Typically the critical dimension is that which is perpendicular to
the flow of traffic, and currently deployed metal detectors are used as a standard of
comparison. At US airports, the desired throughput is consistent with support of
two adjacent baggage systems. This translates to a throughput of approximately 400

people per hour.



conparison. At US airports, the desired throughput is
consistent with support of two adjacent baggage
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activating an array of discrete X-ray sources in a
besomes pPPHACHVEnporal  pattern so as to illuminate the
object with a beamvarying in spatial orientation; b.

detecting X-rays of the beamafter interaction with
t he object and Summary of the Invention

In accordance with preferred embodiments of the present invention, a

method is provided for imaging an object. The method entails:

a. activating an array of discrete X-ray sources in a prescribed temporal
pattern so as to illuminate the object with a beam varying in spatial
orientation;

b. detecting X-rays of the beam after interaction with the object and
generating a detector signal; and

c. constructing an image of the object based on the time variation of the
detector signal.

Other embodiments of the invention may also include moving the array of

discrete X-ray sources, either by rotation or by translation, or both. Chafacterizing

the array of discrete X-ray sources by an array axis, the step of translating the array



generating a detector signal; and c. constructing an
i mge of the object based on the tinme variation of the
detector signal. O her enbodi nents of the invention
may al so include noving the array of discrete X-ray
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Brief Description of the Drawi ngs The foregoing
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drawings:

FIG. 1 is a schematic depiction of a prior art X-ray source based on electron
field emission;

FIG. 2 shows the use of a single-dimensional array of discrete sources in a
backscatter imaging application, in accordance with a preferred embodiment of the
present invention;

FIG. 3 shows the use of a two-dimensional array of discrete sources in a
backscatter imaging application, in accordance with a preferred embodiment of the

present invention;



field emssion; FIG 2 shows the use of a
si ngl e-di nensi onal array of discrete sources in a
backscatter inmaging application, in accordance with a
preferred enbodi nent of the present invention; FIG 3
shows the use of a two-dinensional array of discrete
sources in a backscatter imaging application, in
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Detailed Description of Preferred Embodiments

Cold cathode technology, such as that based on carbon nanotubes (CNTs),
opens up the possibility of new modalities for imaging using X-rays, whether by
transmission, backscatter, or forward scatter of the X-rays. Applied in the manner
described below in accordance with the present invention, discrete cold cathode
sources may advantageously provide for electronically turning on the sources, and
with low latency (on the nanosecond scale), in a sequential manner, thereby forming
pencil beams, as often practiced in the X-ray imaging arts, or, alternatively, selecting
a pattern of sources at a given time to form coded beams. The development of CNTs
has allowed important technical challenges related to current stability and cathode
life time to be overcome.

The general operation of a cold cathode X-ray source, designated generally,

in Fig. 1, by numeral 10, is well understood in the art and is described with



transm ssi on, backscatter, or forward scatter of the
X-rays. Applied in the manner described below in
accordance with the present invention, discrete cold
cat hode sources may advantageously provide for

el ectronically turning on the sources, and wth | ow

| atency (on the nanosecond scale), in a sequentia
rdf&en& to Figlar Thy chldreaihode afapehlenbahvanrtagesushf dllrvs for a high
practiced in the X-ra

degreeplrenitob |\§ﬂltag<*ei"etcltq¥w§e$a&%tegg% %ﬁ thadeddy geveamed;by,gontrol
C%ﬁﬁ i3 téoﬁﬁo{sﬁ%«{m a.g{glnﬁgﬁagctﬁﬁ@ 8. T}{Kﬁ@ V@?a?ﬁ lz}IﬂcF BEWeePEathode

has  a ortant technica enges
14 ehdhredetl6, whichaiso sstvabhd the X -eaydtargeat, lvooieols khef ededtiomenengy

.be overcome. Th I t ] d hod
IPIPEPE 0B b BT 56 R St eR ppliethpn e ey bt fs

dEARRA thd Glectrdn BEInh sppidpestood in the art and is
escribed wwth 5 reflerence to Fig. |I. The cold cat hode

ar r aNgJelediig. ladhpacts amessawbly inlWhieksth o¢-raysiargyencridest va a
f control,,.Voltage Vgc bet ween te 12 and .gat hode
reflpet ot L% SRRk ot Py risS B SmpfnRH SR} i Wope of
tHePréent inPéntRhect rons 15, while voltage V,a between

cathode 14 and anode 16, which also serves as the )
X- r ajpplcagion of dispreteoX gay peuredsder Xony émagigg. injaggsirdagica gvith

on the target 16, an . VOl '
et PGtEh, Hiiea %96 b Bl AR RN Rekef BBy cone-
tvedRObr thieelim¥iibml f; ti@: schnrdgpinots (rastepsiSganteiny, the dwhdmic use

the X-rays are generated via a  reflection target 19,
ofdifferpnton wsyips epergisst andee uieRf thiee gBoyed within the

scop . e P i . :

i seduf tms i3RI GRAN R bRs pAREAG L bl in long
range€ applratiensvih twhicl diesquitesgrunglyraffaets the sigualrtd @siseiratio

the dinensionality of the X-ray source array (one-,

, or three-dinensional), the scanning node (raster

or patd.ef é}%‘b%ﬁlpﬁnt%f 'geﬁtﬁﬁ is 8fschbéd %/Etﬁ'}&feiféﬁgé’ﬁfmgﬂﬂ A

energi es, an e use of tinme gating. The t
oneedinlentional army20idfiX-rayssonses B2 isodisyrsed with/backsgatter detectors

AL S BREl B S AT e i
dév®¥34 can translate in a transverse direction 25, typically horizontally, so as to
create an image on a line-by-line basis. Alternatively, array 20 may rotate about
longitudinal (typically vertical) axis 21 such that X-ray beam 26 sweeps in a
transverse direction (again, typically horizontally), thereby creating a line-by-line
image, but without the entire device moving. Such system is suitable for a bomb-
detection application, for example, wherein an X-ray image must be created in short
time and without moving the entire imaging system, which may be disposed, for
example, within a van. An image line is created by raster scanning the sources
vertically by turning on one source 22 at a time in rapid succession.

In accordance with another embodiment of the present invention, coded

beams are employed, based on Hadamard- or otherwise coded beams. A discussion



A first enbodinent of the invention is described wth
reference to Fig. 2. A one-dinensional array 20 of
X-ray sources 22 is disposed with backscatter
detectors 23 on one or nore sides of its |ongitudina
(typically vertical) axis 21. The entire device 24
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may be uSed to particular advantage when the X-ray
arfrayudd isdraaplaied syith a constant speed back and forth in direction 45 adjacent
to, or between, detectors 42. Such system may also be employed in an interlaced
mode, described below. Embodiment of Fig. 4 may be employed to overcome a
disadvantage of the embodiment of Fig. 2 namely a propensity to image distortions
due to variations in the system velocity. Depending on the velocity of array 20, the
objects may appear compressed or elongated.

Further versatility may be achieved using an embodiment such as that shown

in Fig. 5 where two or more one-dimensional X-ray source arrays 51, 52, are

mounted on a cylinder 54. Because the arrays can be turned on and off electronically

with high speed, only the array generating an X-ray beam 55 that is illuminating a



Referring nowto Fig. 3, a two-di nensional source
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stops the scan when the details in the target image are satisfactory. One application
in which CALI is useful is in imaging a piece of luggage suspected to contain an
improvised explosive device (IED) with an X-ray activated trigger. In this mode of
operation, the initial current per pixel is low. The image is formed in multiple
passes, to avoid a trigger, but enough to see meaningful details inside.

At the expense of the scan time, the cylindrical system can compensate for
lost sources in one array, if a simple raster scan is used.

Finally, discrete X-ray sources, as described in the foregoing, may

advantageously be employed for X-ray fluorescence mapping or spectral imaging to



and shifted vertically by 3.33 mm Each array w ||
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regrirescdesactnn vathyprener epgray roseittion de gleptiyths Hupregeencelingsy
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concept nay be referred to as a ] i
mhmeen} anduoe sithingbe senpe af 8w fresgtinvéginm)as desrsibedherein and as

c.onceﬁt IS usaf&ﬂl when a limted dose to target is
clpimsdipapy BPPePfied ¢S per pass in insufficient. An

oper @hOfise oTxORS sbil8e B&AR IMMEN tifRdoti@iPdgpticativontigy be

target inmage are satisfactory. One application in
pasticw il Cadvantgensfior the dollawingriefiseief: a pi ece of | uggage

suspect ed, gontain an i nproyi i ve dewl ce
112Dy i h 2 5 B el B B Byl e fn
oper aldr@ithe lih€of krdy éhission.r ent per pixel is low The
image is fornmed in nultiple passes, to avoid

trigger, bdse efrdingar @@%'W&W?@@Pﬂ%ﬁﬁ% rq%ngscqu_age
ALt e SXRE gg's%cﬁ{edt\{}igl ?ﬁgg@ pFer@ourE&? cylindrical

syst em can conpensa ost sources in one array,
i f a si npi Ehis appreschsio @enératinsedayskirodtés/flexibityriatimage
X-ray saqurces, as described in the foregoing, my.
advaritayeba) spopety ﬁlﬁﬁ &ﬁ&rlm Hatﬂ@ ;Suﬂqr'g*a F%@E@Hﬁéngle
DIt QLraS REGLL Bhec TG 10 8 create an almost

n S

i nst ant aneo materi al "1 dentification of a surface.
Such appl i Brusing sequestipl itriggeringtof tedireanarrdy gfrorsgrsources, a

enerqgy resolution tq identify.the fluogrescence |ines.
' ek Gat ok s B LVhOT i S IB peFRen spiten:
I nventi on, TiGaiRRRiod) 3Heh WPSliet ih@onfkinadsn Sanihaltassbusly
in a linear or two-di mensional array aretrlcgggred

sequeapfusdsityo @s nies vicivs of thetpevson beingscanhedcadvaatagequsly
sour Cegﬁar}cgg ][:he% %ﬁgﬁ‘ﬁu't of ﬁlé}i)g’cttedo srubjects.

Another embodiment of the invention is now described with reference to Fig.
6A. Sets of carbon nanotube x-ray sources 110 configured as linear arrays 111, or as
a two-dimensional array, are placed above (as shown) or at the sides of, a person 112
being scanned. It is to be understood that a person is shown as a representative
object of inspection, but that the apparatus and methods taught herein are of valuable
applicability to any object, whether animate or inanimate.

Scatter detectors 114, which may be backscatter or sidescatter detectors, for

example, are positioned to capture scattered x-rays. The person being scanned



that may be devel oped in the future may al so be

enpl oyed in a substantially simlar nmanner, and are

within the scope of the present invention as described

herein and as clainmed in any appended cl ai ns. The use

of x-ray source arrays of this type for this

application may be particularly advantageous for the
whiks tigeigtgthe &a@9 beams Theoxis tayspoaied deoaginbjomeeyrsych as a

conpact, especlally in the di nension I
oK P & PPSRIE GHRVEr. At o,; LA, ROk A

1t
asg%ﬁﬂgg%gnaﬁgﬁgégég p0| ourcegghéfg%gmgggpoach
adcordzacewith kngwi atgayithms. otigd éB depieisi subjeict 12 inrsuceragize

acqui sition, t d f t that
&R et RERE S R 36 esientd] ecnsinlbob g
160/ 34 'ér@tlon B daSi00%has §IaNEdREe 160 A BARR sSircé 162, lchéear

arra X-ray sources, a backscatter inmage can be
whﬁﬂ}unaye@nvalm Hioedr aomps sudhadsicobsedd & depioted de Fig. 64hpach of
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eV ERE tdBk PagS SaBRec 1208 ieMvall QiS$ YonvePEEhE esnveler 118, in
t hr oughput "of inspected sugéects Anot her enbodi nent

suph athannengsetothaye dlf&rm\naﬂ%g hif/berpersansepricd iy fewesiave
ar n 110
1o P B 0 DR B eSO G
t wo- Yet@fifthenahbedimeyt ofahepiebart atveatioy s shaen sinBigs) 7o and
at the sides of, a person 112 being scanned. It is to
TBeingrreafiswgton epripachingethalont (o ataldeiagrat gument use. AS shown
in tﬁ@ Eo%sﬁg%%tf'l: 7Boﬁlrg§; Eou‘fée 9% it x-pd% i35 3J1e\IJ ost
at us aug erein are o val ua
clambj incta® froht yiewvof ﬂg/ 208b Xerdys 21 ahpiage apmrmlbgect)l 12 as he/she

i nani mate. Scatter. detectors 114, I C
trveEses b inghection sty %flg@tefﬁ%?@&lwv@ nymgra %@aﬁﬁﬁhéﬂon

%ﬁ@re@ %2 sﬁb 2 o\?\/&?%@#ﬁ anfit dr&i G ol theéMibiectd ?ex@@ﬁ #on

el ng rough the x-ray beans 116 or
détscted hymsqzwext Medidms 220 Sdattemdesarsors 20 generate scatter signals on

the basis of the penetrating radiation they detect, and the scatter signals are

processed by processor 230 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 240. In either case, an image is
generated, with the term “image,” as used herein and in any appended claims,
signifying an ordered array of values corresponding to spatially distinct elements of
the inspected object. Since the geometry minimizes distortion and shadowing of the
image data, automated detection techniques that rely on shape recognition greatly
benefit from the reduced image distortion and shadowing. These advantages may
also be applied to conventional transmission and backscatter baggage systems.

All of the heretofore described embodiments of the invention are intended to

be merely exemplary and numerous variations and modifications will be apparent to

10 °



conveyor 118 or people nover. A hand-hold 119 may al so
be provided. Separate sources 110 may be acti vated
sequentially to provide spatial resolution in
accordance with known algorithns. Fig. 6B depicts
subject 12 in successive positions traversing an
i nspection station that is designated generally by
thoudEkiAéd inkBOart| Asipch vaatdhabndmodiRatids age ntamded to be
source 160 and a back source 1?2, each of ich may
with the seqpe o dhe pipseal mventipnyps detined inapy mer@“s% F@P@ﬂ in
Fig. 6A, each of which is conprised of nmultiple
di screte x-ray sources disposed along an axis
transverse to the page. Subject 112 either wal ks, or
I's conveyed by conveyor 118, in such a manner as to
have different parts of his/her person scanned by
respective sources 160 and 162 during the course of
traversing the inspection station. Yet a further
enbodi nent of the present invention is shown in Figs.
7A and 7B, in a configuration approaching that of
netal detectors in current use. As shown in the top
view of Fig. 7B, x-ray source arrays 210 emt Xx-rays
212, viewed nost clearly in the front view of Fig:
2A. X-rays 212 inpinge upon subject 112 as he/she
traverses the inspection station, designated generally
by nuneral 200. Radiation scattered by subject 112 or
by objects carried or worn on the subject's person is
detected by scatter detectors 220. Scatter detectors
220 generate scatter signals on the basis of the
penetrating radiation they detect, and the scatter
signals are processed by processor 230 to detect and
identify threat materials and objects in accordance
with known al gorithns, or, otherwi se, to display a
suitably processed inage of the inspected subject at
di splay nonitor 240. In either case, an image is
generated, with the term"inmage," as used herein and
in any appended clains, signifying an ordered array
of val ues corresponding to spatially distinct el enents
of the inspected object. Since the geonetry mnimzes
di stortion and shadowi ng of the inage data, autonated
detection techniques that rely on shape recognition
greatly benefit fromthe reduced i mage di storti on and
shadowi ng. These advantages may also be applied to
conventional transm ssion and backscatter baggage
systens.



Al'l of the heretofore described enbodi nents of the
invention are intended to be nerely exenplary and
nuner ous variations and nodifications will be apparent
to 10 those skilled in the art. Al such variations
and nodifications are intended to be wthin the scope
of the present invention as defined in any appended
Ctdimsns. 11 Cains: 1. A method for inaging an object,
the nethod conprising: a. activating an array of

di screte X-ray sources in a prescribed tenporal

pattar . i Lum ' whih a beam
1'\/ar y?\nlgetlﬁ?}d g%é@%%in% a%ﬁbjék%%g}ﬁ %ﬁt;hggj.c&g‘g?ec ing with a
det eat or Yetivayisg afi atrineobhdiserets Cardyesomrteafrt @prescribed temporal
interaction with the object and. generating a detector
si gnal ; aR#iEn S%%@tlpﬁ%‘%r}a%gthgﬁgleﬁhﬁ’gﬁ aﬁ’e%fﬂéf apingtospatial
based on phgnthiigle variation of the detector signal.

2. A nethod Iin accordance with claim1, wherein the

st epbof adttesting wigh & detettor X-tapig piide bear veatigradadtear r ay

of discrete X-ra ources W th respect . )
detector.® ?raﬁlq%‘f“ﬁ%gwi Oﬁjeﬁg\d%i]%?ﬁg it e?egfogi%}%n_all,, and
wher gi Nt Behstu€ingodn ok bathebjdol badad on thewihd&@Sation of the
rotating the array of discrete X-ray sources with
respect t deteeter sighadct or about an axis. 4. A method in
accordance with claim1l, wherein the step of

activating further includes translating the array of

2di scehethdd freycceiaheewitiiclaimrie siherin the stepef detiveting further
5. A nmethod in accordance with claim4, wherejn the
inghydgy mewing; the prameoldiscagie XsEayrouLces withrgspsetta the dejeqier-
an array axis, and wherein the step of activating
includes translating the array in a direction
3substAantthad inyadcomiansewitk ctaimtlhe/harcirathe atepof a@ivafing further

.met hod i d it laim1, wh int
NSRS Fot e TR AT o Sisqieien i Somes Ml e e letreior
ab Gn axis.

4. A method in accordance with claim 1, wherein the step of activating further

includes translating the array of discrete X-ray sources with respect to the detector.
5. A method in accordance with claim 4, wherein the array of discrete X-ray
sources is characterized by an array axis, and wherein the step of activating includes

translating the array in a direction substantially transverse to the array axis.

6. A method in accordance with claim 1, wherein the prescribed temporal

pattern constitutes a Hadamard code.

7. A method in accordance with claim 1, wherein the step of activating discrete

X-ray sources includes activating field emission sources.

12



7. A nmethod in accordance with claim1, wherein the
step of activating discrete X-ray sources includes
activating field em ssion sources. 12 8. A nethod in
accordance with claim7, wherein the step of
activating discrete X-ray sources includes activating
a plurality of field em ssion sources, each field

8.em saimethsdin aweoidandewmlitin glain 7evherein the stepofettivating discrete

thod i d ith claim7, wherein the st f
Xefo¥ FOMEFTc BieacE @inga PUAE of B Pt e RL ey
etisBioH skt ¥ncRldidd £ltlebieS@igen sources, each field

em ssion source including a transm ssion target. 10.
An i nspection system for inspecting an object, the

i nspection, syste comprising: a. a plurality. of. .
%in egrm%{g?ddvgacs?r@ap%ec n@? gl%% ar \ézggreglf tﬁﬁ 8{?8 of %%‘lw%gmg discrete
Xtags@irc @ inclidesctivaaita Slomliseaf il etdsast Pursesshilgieldd

to generate a scatter signal based upon detection of

cipispion semce inctusinga fransmyssaen BFged by t he i nspected
object; and c. a processor for receiving the scatter
signal and generating an i mge of the object. 11. An
10.ns paatihgbctiynsdys for aspertihgraobydct, iheinapattidh sysidmer ei n
the discrete sources of penetrating radiation are
CIBPIH®RE - nanot ube x-ray sources. 12. A nethod for

I nspect ing;: | beledSiindradiation:
1T i AR o etk OF AR RERERE pleRip radiction:
ar r ay.sat ifasthreceatter dsteutoe esnfigfrep@rgenemtd mgpatterciigital based
b. generating a scatter, signal based.upon defection of
umfgqtchpn REPFREHRHDE Wlﬁt@ea?%er pich _e?tﬁg B@l&fteamp
obj egt 5 »RALssbr fo??&%ﬁﬁﬁ%ﬂ'}g sbhifer SRl A th&Bahg hiPimage of the
generate an i mage of the object.” 13. met hod in
olgector dance with claim 12, further conprising noving

the object during a course of illum nation by the
plurality of linear arrays. 13
11.  An inspection system in accordance with claim 10, wherein the discrete

sources of penetrating radiation are carbon nanotube x-ray sources.

12. A method for inspecting an object, the method comprising:

a. illuminating the object with a plurality of linear arrays of discrete sources
of penetrating radiation;

b. generating a scatter signal based upon detection of penetrating radiation

scattered by the inspected object; and

c. processing the scatter signal to generate an image of the object.

13. A method in accordance with claim 12, further comprising moving the object

during a course of illumination by the plurality of linear arrays.
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