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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.

Zhang et al., A 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, NC, of a linear array of 5
X-ray sources, each with a focal spot between 200 and 300 pum, based on the use of carbon

nanotube (CNT) electrodes. Electron currents in the range of 0.1-1 mA were reported at an
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person being screened can cause distortion in the image data. Even though the distortion can
be compensated for in software, the data still derive from x-rays that vary in incident angle.
At steep angles this can result in x-ray incident shadows (from body parts such as shoulders)
and thus, in turn, cause concealed contraband to be missed. If several conventional x-ray
sources are used to mitigate this effect, the equipment size becomes large and the equipment

cost becomes unattractive.
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and a processor for receiving the scatter signal and generating an image of the object. The

discrete sources of penetrating radiation, more particularly, may be carbon nanotube x-ray

sources.

Brief Description of the Drawings

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 1s a schematic depiction of a prior art X-ray source based on electron ficld emission;

FIG. 2 shows the use of a single-dimensional array of discrete sources in a backscatter
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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 1s described with reference to Fig. 1. The
cold cathode arrangement advantageously allows for a high degree of control. Voltage V.

between gate 12 and cathode 14, governed by control circuit 13, controls the current of
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synthesis for x rays, in J. Opt. Soc. Am. A, vol. 3 pp. 2167-70 (1986) and in Gindi et al.,

Imaging with rotating slit apertures and rotating collimators, m Med. Phys., vol. 9, pp. 324-
39 (1982), all of which are incorporated herein by reference.

Field emission X-ray sources may be readily switched on and off electronically at
significant rates, typically as rapidly as 30 kHz. This means that coded beams can be
switched (changed from one pattern to another), cycled (the equivalent of rotation), or

negated (switched from mask to antimask to reduce artifacts for close range imaging). The
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the pi@BERL cdn/b¥ @l @tased whds tdBobdhhicd mltt&t@hi &d)y design, the
nuner a

vel ocity, designated generall %

g %ﬁ‘é@iﬂc\%ﬁ ‘ft}‘fge?‘é?’ RYUFELS 8mFl¥“é i AU eSBP“%ﬁ"%a specific

ip@ﬁdﬁﬁmtdblﬁindd eleed icsd 4211r&t‘p®rt fOnxeindbt) thrdcly@e-8ididhisieal arrays
translated nst.a d bac

aro‘t)lg%ed at IZQ catecs ole 0 anot or and @\}1{%{31 Vertlcarhtyg)g?%g mmn. %aclzﬁ artay Wlll

ron Jacen
det laet bes agkt, b@btmussyéﬁlemﬂrmyshdi go retseltlwlpiaetybda ¢ompéerte

}O&EI&LA%%Q 1&@1‘1\@111 hg\eE:SdCl‘Egomﬁgn (pf%l I Sa?ﬁg%dggfupfrgﬁ% égferréd

ed to overcone a ntage o
erh d@tprﬂp@&? m@% “Hiogthe gysiqaspigtediin Fig. 4, 1nterlaced imaging may be

provided via vertical translation of the array for each horizontal pass.

A translated array in accordance with embodiments depicted in Figs. 2 and 4
constructs an image in one pass, line by line, delivering the same X-ray dose per unit area of
the target, in a fixed time (depending on the translation speed). The rotating cylinder 54 of
Fig. 5 can create a low statistics image for each pass of a one-dimensional array, adding it to

the global image. This concept may be referred to as a “continuously-accumulated image™
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propensity to inmage distortions due to variations in
the systemvelocity. Depending on the velocity of
W@e00a9e305 the objects may appear conpressed 0OPCT/US2007/066936

el ongated. Further versatility may be achi eved using

an enbodi ment such as that shown in Fig. 5 where two

or nore one-di nensional 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,

Griily ThiheAlgopgept i esebit whingdinied dose gytangetayre@sred prahe ﬁl@ per

pelsd M PRELRIA RofefHkd 8bp RS DIRWM. de@ild iH EHR@H o Pna 5

the other arrays are off, hence there is no nee

whifaqry. S8 apptipatipn i eishriteheseful i Hgmg@ng apipqeiof &vg%‘se this

amsteded foeshtele 8n infprd wisSd a@toulrvahev@b I(IEDt) With £&h X-REQEPAfcA kR ger. In
[ rl aced node, as now and .to

he i nt

B K RGOSR e D] SRR TR TAT BPEaS geL it
pisef, ud avioitl a0ASRes bmhem%h twhaembamnigﬁﬂ:hnmﬂ@ alsidki m t ati ons or
by _deshgnhee L DAy dholanee, BRI 0, QU 58] 19
1 cm € req i'r ed res or ‘as
@pwbélcanqms, 1ﬁbesmw1d818tsmﬁumesse¢l aced 4 mmapart. On a
cyli @'%gﬁy d&&Et@% &?&&Eﬁ%k&lﬂ@i n ﬁ{erf&¥%co r%r Iﬁaypald%?a%e(ﬁ&l be
120 degrees one from another and shifted verti cal %
@n@@/e Xerax Auoagseeiye Manping segactial 1 smamccrﬁa@@aﬁlfnostb ut

RALRHSSs %fatehm@deﬁﬁﬁctah&ﬁdf a§mafc$ SudthBplfcRAl ;ehﬁlges LEBass Hof
a conplete rotation of the cylinder will have a

PraRSH FliFtaYSFrolyfiomto g@ﬂ?ﬁﬁheﬁﬁ?@mﬁ%én%f operation is

r ef et fdorliMhc@sith fufthe Eﬁl&ﬁﬁﬂenm&w proke intdh€lors )éﬁb(ﬁfﬁanotube X-
icted b FC{B 4, |nte[1 aced 1 ? g? 1y eloch

W CUFES F9PBaet P A HRTRe TR dsren e’ i (é%f’&ﬁ Rrially'as

he¢ribzditbad. Ogesdiscrofe t- fa_& Ralr&t endt carrerly ckist od dBQhalaa (deveWpéchm

t%np.l%re nrgg nglsso b%lee gl%yeed n él subgatglrall%sér}qﬁl% aﬁr\l/eg,(r) ng grré W?]&ém the scope

Of theacyesdu myerpen agesdribet legeinodnd ehdainad geny appmdad ﬂalmed

time '

ot atTIilglgsggg)? ‘:aﬁ gmﬁl&: a‘ﬁjaﬁ of %%g%e%ﬂctglﬁ @)’ﬂgagitgﬁe mg}-/r tll;kepartlcularly

@Wmmrgsftqsé@therfﬁl@éﬂﬁgdﬁas@féch pass of a one-di mensi onal

array, addipg- 1‘a§f souRe tczhﬁne@"a@@@thpa‘cﬂ@?@mal@'ﬂi the &%&%talong the

maybe referred to as a "continuously-accuml at ed

i magelCCARTAY CPEIOEAl concept is useful when a linited

dose to t arsl eta 1irﬁarraﬁg3u£bfrxedy Bamb Rvafth ddXusPaEdup&SBade istortion
i nsuffici en erator stops the scan when the

det ai ?S?ciaﬁ Wﬁtg SIP%F E‘E{‘t PHeJe are satisfactory. One
appl icati dlmslaﬁprmka;h g tinie X- rm@fdﬂdes Bexlljﬂlty magag@gw@lsmon

piece of |u cted to contai i sed
expl o come! yoa%g?(g)gmtlf tE% ftar atspperior t0 urrenl[ su{lﬁ?eipom re&f sotirce-based
triggestemiyn this node of operatlon the initial

current p &y L&Inﬁ ?e!quénﬁall é@arlr;glﬁ tﬂe gﬁ&? aky JrQ! Emgmbgg a

mul ti pl e passes, to avol ut enough to see
meani frﬂgkseqtte@magﬂ qag b¢ wguld@.WltA@uttclh)es falk betirsen sofrcgshe scan

tinme, the gylihRdnChen SYHEE M AR HRATREAS IR Rbusty RS ptures

two or more views of the person being scanned, advantageously enhances the
throughput of inspected subjects.
Another embodiment of the invention 1s 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
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sources in one array, if a sinple raster scan is used.
Finally, discrete X-ray sources, as described in the

W0 200896i6nyy, nmay advant ageously be enpl oyed f or PE/D82007/066936

fl uorescence mapping or spectral inmaging to create an
al nost instantaneous material identification of a
surface. Such applications requires detectors wth
proper energy resolution to identify the fluorescence
lines. In accordance wth further enbodi ments of the
rEse nit isitheardsrgend thes p basp itV te rRiesyntaityg plied of inspection,
6 Frhd UG atuDard nhkHAGSE LAY hete{tpargbtnam%l@%twaamtﬁy a@r(ﬁ)]ect
triggered sequentially as described above. O'h

HW@@F@F%MQW"%?“gﬁhrces that currently exist or that

may b rvetoad 14, Whidienal Bt bicRscHiRY ol Qatee d gl rQ Y@ @xdniple,
a subst ntlall¥ sim.|lar ner, and are%\ntpigrtthﬁh ]
URBHLEORY ' FRUET SEEE XA NPT oA B rh Ryl Rehihe Ry
ame I 1 mdranspomdyhxamhexydednssh@lm conTéyer USer péople- nlicaryr A

t hi.s e faor t
&a%g 018 1 %a%so FoaSd. tS LPD e sour{;tﬁqll(? mfaflp actC Vated seqélen ﬁ)y to

|cu nt ageo
ﬂ'rhtede(Spntaiyresmmoo a @amdetnee \Vlérlylowm afpachms. estg @Ballewlyts fubject 12

1tnt§ chsls&}@&ﬁ {:9h% t@alvgﬂgg !lthﬁspleétfaﬁ stQéonXﬂl:Et‘rdeeﬁgﬁa%a Q&rall%? of

I near array X-ray beans advant ageous Yy reduces
tlttlmgeé 14} %wtqn@ttﬂ@ps%élﬁw feant sojutch 160 and rbagsepuiee dipeehed.

TRLSmAPRIAAG R ed QrH8REHAL §diBeeX 11 ARt iPMb IS each of which is
flexibility in imge acquisjtion, geonetry and

foawEipsdiohmukiplg disprete K43y sepfses dispeseq 601%,%*1@% fra@veﬁsgﬁ%thﬁ Bt
Subljedly1 13 @M’feﬁ%alb@ﬁﬁ@i ccﬁly@te@aﬁeon%youﬂlsnlg s g uRRidr & to have
i nea arra

P Sl b o e et et Fand L SEEag By ours
betawe g homspeasn stifiins | nventi on, when applied in a

\(-jl()g\f/\IBY%gr 1%‘: her cm O:l@l’l’(l)@ﬁ? elnptreasgn (i)l’ll%%n {?1’1 1S Sg(i):/\xzn:lle % &eg%s%ld 7g011’1 a
@mﬁamaesaMh®thg@mQﬁpﬂmhbhm®m$p®mmmd&sabﬂewhgnhﬁmpthmf

ﬁi BurQJ antapsel 12 RMIQ Qtréﬁ QI% i e@zg 8’5@ §1ge[rigk?1$ \l%lttt tQ/lew of

fer eto car on nan e X-ray
Elé e é<sra>§12@2 t?émlfge gmr@dbm@, 117 a5 dglphedrnyeasps the 1mppeciign sggoy
&é@@%té@%@&rﬂl@@kf n@rﬁ&ﬁ)ﬁ(m iﬁa@tatﬁﬂn@@e@t@re@’@@éﬁ%eétﬂ&Z M)ec@gamed

at the sides of, a person 112 beingscanned. It is to
evoreiePSUBISe StREen 18 e by Sqager dRigHprs 4. Seaiter detectors 230

ge@aate s@ntratghMeor0h} 86k oOthe pMSREBES taalamonbhay dehat ant1 R scatter
ratus and met hods &F’ ht h re| re of v l.e

% S PP eSSt PYiPEe cgsag,r 28 {ect an identity threat materials an 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 those

skilled in the art. All such variations and modifications are intended to be within the scope of
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whet her aninmate or inanimate. Scatter detectors 114,
whi ch may be backscatter or sidescatter detectors, for
W@@a0b395 are positioned to capture scattered RET/HFHNT/066936
The person being scanned wal ks through the x-ray beans
116 or is transported through by nmeans such as a
conveyor 118 or people nover. A hand-hold 119 nmay al so
be provi ded. Separate sources 110 maybe acti vated
sequentially to provide spatial resolution in
the pisteddACatian 2 Heflopdinainpeided pims. Fi g. 6B depicts
subject 12 in successive positions traversing an
i nspection station that is designated generally by
nunmeral 100. Inspection station 100 has a front source
160 and aback source 162, each of which may contain
i near arrays, such as source 111 depicted in Fig. 6A,
each of which is conprised of nmultiple discrete x-ray
sources di sposed along an axis transverse to the page.
Subj ect 112 either wal ks, or is conveyed by conveyor
118, in such a nmanner as to have different parts of
hi s/ 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 x-rays 212, viewed nost
clearly in the front view of Fig. 2A. X-rays 212
i mpi nge upon subject 112 as he/she traverses the
i nspection station, designated generally by nunera
200. Radi ation 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
radi ati on they detect, and the scatter signals are
processed by processor 230 to detect and identify
threat materials and objects in accordance with known
al gorithnms, or, otherwise, to display a suitably
processed i mage of the inspected subject at display
monitor 240. In either case, an inage i s generated,
with the term"image," as used herein and in any
appended cl ai ms, signifying an ordered array of val ues
corresponding to spatially distinct elenments of the
i nspected object. Since the geonetry mnimzes
di storti on and shadowi ng of the inmage data, automated
detection techniques that rely on shape recognition
greatly benefit fromthe reduced i nage distortion and
shadowi ng. These advantages nmay al so be applied to
conventional transm ssion and



backscatter baggage systens. Al of the heretofore
descri bed enbodi nents of the invention are intended to
wheooseewby exenpl ary and nunerous vari ati ons aPI/US2007/066936
nodi fications will be apparent to those skilled in the
art. Al such variations and nodifications are
intended to be within the scope ofthe present
i nvention as defined in any appended cl ai ns. What is
claimed is: 1. A nethod for inaging an object, the
met hod conprising: a.activating an array of discrete
WhitdYclS@M 6es in a prescribed tenporal pattern so as
to illumnate the object with a beamvarying in
spatial orientation; b.detecting X-rays of the beam
after iANmehartr @agnk khobide tejcael caiitisiggner ating a
detector si naIf and % constructlnggg I ma of the
obf* %%‘tvatﬂlé%g“a&r? HIRLCTE 1R RIFAR 1 B EP t HEPUE PRETGY 2
sigﬁhmnmaeﬁwmmathnmabﬁmamqm@dmnmaﬂmhmhnmﬁain11
f u{) t’tectmglg %Lyl'slg)usﬁg Berae‘tmsatfteﬁgt%}ca&%%\(x}ltﬁghcf Q f?ctgté% a% at1 Cge Wi th
scléﬂﬂmﬁﬁ%mmmnher including a step of rotating the
ar 5 @éﬁs@ljctlﬁjé &Qﬁlg%s%f ?ﬁe 'E)ffiwct %&H &ﬁtﬁe @IQQ?& 1at‘rf‘d?1 o‘r{lﬁfe %etec4or
I n accordance wth claim1l urther 1 ncluding a
st@@mbf translating the array of discrete X-ray
sources. 5. A nmethod in accordance with claim 4,
wherein the array of discrete X-ray sources is
chdr act/empthetin BSPO‘éi‘ﬁnCS mithglaigy | Surthgracgingrastan of mavieg @p
100f afdyain gkaék RGaj dercar ray includes translating the
array in a direction substantially transverse to the
array axis. 6. A nethod in accordance with claim 1,
whar ei M\ o qoin esordatve &ith elajpor, dilrthpaihdleling asop St otatihete a
I.n accordance with claima1,

0
oS PER O G ou B AE MG X Tays after i nteracti on
with the object includes detecting X-rays scattered by

st h g O bj £& thOCﬁl’l aé%o clg quh LBinfC &?ﬁﬂ(ﬁ@dﬂg a ik‘blp%k‘ Qz!mglat‘l'n

“wherein the st ep actlvatlng screte ay sour ces
|nﬂka@@gféﬁﬂﬁvéﬁﬁhgmﬂﬁ%ld em ssion sources. 9. A method
in accordance with claim8, wherein the step of
activating discrete X-ray sources includes activating

a pi ur dt PEYOLR agcprere dh ainph Wgrgindesurapeictrricef -y
e MhRBdeOB cif@idtcEiodibRah betyngis,and @hdras the ¥Rp bAFgaiting the array

20 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.

25 7. A method in accordance with claim 1, wherein the step of detecting X-rays

after interaction with the object includes detecting X-rays scattered by the object.
8. A method in accordance with claim 1, wherein the step of activating discrete

X-ray sources includes activating field emission sources.

30

10



10. A nmethod in accordance with claim8, wherein the

step of activating discrete X-ray sources includes
w@easweepfig a plurality of field em ssion sourPEEUSHATI66936

field em ssion source including a transm ssion target.

11. An inspection systemfor inspecting an object, the

i nspection systemconprising: a. a plurality of |inear

arrays of discrete sources of penetrating radiation;

b. at |east one scatter detector configured to

geher at/emgthedig pecerdarge giith latins ediergin sl stherbetivasing discrete

PeRehy @licBOnd@rdl Q&lbé@ﬁig 2 ﬁﬁfah?rro@ He1B¥miién o REER Held

obj ect; and c. processor for receiving the scatter

S| @lﬂléqlowaw@@ﬂéﬁha%maecawt?rr%rge of the object. 12. An

| nspectl on systemin accordance with claim 11, wherein

d| screte sources of pene W%tln radi ati.on. are

bon “hERBILBA R pgg e ﬁllalérb T8I0 R SHBOREH Vg discrete
' ngk’f@ﬁ@m@ﬁ iadudebjcdedting b hieratietoli Geld eloigis i Sing; caah field

5 lenlﬁllsrrsll(pnas%)llnguglncluc?l{l%a ‘s:&lsé’l‘énttléllgea} plurality of I|inear
screte sourc penetrating radiation;

b generating a scatter signal based upon detection of

pe DEL T 3k iRGeliBfl b REhA 1§s‘f3@r¥tﬁ1§ LEShidY ke hﬁpécﬁ&&?&&ﬁd

object; and c. processing the scatter signal
ogep®Eri@Zan i mage of the object. 14. A net hod |n

accor dangeuMid, Br e kit df ki Hﬁlfce§&%ﬁe'tr§th@gad'%¥h ng
t he obj ect during a course of illumnation by t

pl ur al it 3§ et ong sratgr defpgtogyyanfisyrgd oy Samigs BALS anaibased

upon detection of penetrating radiation scattered by the inspected object; and
¢. aprocessor for receiving the scatter signal and generating an image of the

15 object.

12.  Aninspection system in accordance with claim 11, wherein the discrete

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

20 13, 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

25 ¢. processing the scatter signal to generate an image of the object.

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

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