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Portal 5 Field of the Invention The present invention
relates to systens and nmethods for inspecting objects
with penetrating radiation, and, nore particularly, the
invention relates to inspection systens enploying
mul tiple sources of radiation. 10 Background of the
Invention It is desirable to determ ne the presence of
obj ects, such as contraband, weapons, or expl osives,
that have been condkmiksdattepinspevtionePortal a movi ng
vehicle, or on a person, or in any inspected object,
while the inspected object is noved past one or nore
systenms that image thepgRireid Hivaitda"e ©bj ect using
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made, a vi sual inage&%mﬁll‘giw e for

verifi ¢at hQfable® ci@ﬂé?m}h%%é)ﬁreée DL, dyge CQX&%?}‘EK? Qe%é?ﬂs,
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20T R RaB T UL BB o PRRSh O Pl iR R or s
t YpieatdVe.p,439464, tolbaleless ehals (tgTGhaarsPaten™)} med Ospbatledoo2.
Ok, @hﬂb%rs Patent teaches backscatter inspection of a moving vehicle by illuminating

the vehicle with x-rays from above or beneath the moving vehicle, as well as from the

side.

The use of an x-ray source and an x-ray detector, both located in a portal, for

purposes of screening personnel, is the subject, for example, of US Patent No. 6,094,072,
to Smith, issued July 25, 2000.

X-rays are scattered from matter in all directions, therefore, scatter may be
detected by an x-ray detector disposed at any angle to the scattering material with respect

to the direction of incidence of the illuminating radiation. Therefore, a “flying spot”
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monent, so that the | ocus of scatter can be determ ned

unanbi guously, at least with respect to the plane
transverse to the direction of the beam of penetrating
radigatjon. 5 In order to obtain nultiple views of an
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ot her sources o enefratin
system may also have one or more transrmssmn detectors for detecting penetrating

radiation transmitted through the object. Finally, the system has a controller for creating
an image of the scattering material based at least on the scattered radiation signal or for
otherwise characterizing the scattering material.

30 In accordance with alternate embodiments of the invention, the first source of
penetrating radiation may be an x-ray source, as may the other sources of penetrating

radiation. The first beam direction and the direction of any other beam inay be
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i nvention, the inspection 3Systemm Incl | ng a
di r@ppeglytofag adjacenpsonspenighese the ahase relatmgep oy gitabtoi 2 tlmes the duty
digppsed within the inspected object, 15 Brief

Description of the Draw ngs The foregoi ng features of the

i n vent iloracasrdancdwithmpat élnﬁeadhlquimﬁmisswfshmdednyn, thceﬁumeeﬁme

f t.i on
eéfglglnncl:g égm%rﬁxgchgdg%anpgyg%ydtﬁr gislgg e zh%cg a5y l’ﬁ‘a%ﬁ'h?f dl?ﬁte%dlsposed
F| 'gxthlh tiehiospscted sljévemat i ¢ cross sectional view of an x-ray

i nspection systemthat wuses nultiple backscatter imaging
systens in accordance wi th enbodi nents of the present

i nvention; and Fi g. BAefSh@@&SpiorSéfdRe Drined t he x- ray

i nspection system enbodi nents of Fig. 1. 25 Detailed
Descri plibiedereatingSisewies of thErtyeuntioneviilde lmm@madlbdmdmtomﬂ bh

e %ﬁ%u@gg}tgefgﬂo%ﬁm% dg{aﬁg’fﬁgscﬁrﬁgx;ég %1%691 V?lfh &R, ert%ftﬁ'e accompanymg

m ni-m zec tween -or anon I'ng-spo
batrkwings.iewhichagi ng systens confl gur ed as a nulti-view
backscatter inspection system wth no

Fig. 1 shows a schematic cross sectional view of an x-ray inspection system that
uses multiple backscatter imaging systems in accordance with embodiments of the

present invention; and

Fig. 2 shows a side view of the x-ray inspection system embodiments of Fig. 1.

Detailed Description of Specific Embodiments
In accordance with embodiments of the present inventiqn, beam cross talk
is minimized between or among multiple flying-spot backscatter imaging
systems configured as a multi-view backscatter inspection system, with no
restriction on the distance between the individual imaging systems. In other
words, in a multi-view system comprised of individual backscatter imaging
systems for each view, the individual imaging systems can be placed as close
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substantially horizontal direction, into the page, in the depiction of Fig. 1. In alternate
embodiments of the invention, the source and/or other portions of the inspection system
may be moved in relation to object 18, which may be moving itself, or stationary.
Source 13 may include a scanning mechanism such as a flying spot rotating
s0  chopper wheel as known to persons skilled in the art. Alternatively, electromagnetic
scanners may be employed, such as those described in U.S. Patent No. 6,421,420, issued
i uly 23, 2002 and entitled “Method and Apparatus for Generating Sequential Beams of

Penetrating Radiation,” which is incorporated herein by reference.
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Conpton scattering out of beam 24 in an essent|

baRSFELY direction are detected by one or nore g

backsc

20 obj ngﬁgog ngl gﬁ}sﬁl%h%@eggt?%g@%gs arran g(r)rgl%? ﬁsggcﬁgﬁg%& 18
25 34witlgrespeghig tl%enﬁrﬁgag peurepsiagly be used to augment the scatter image or images

with an image of the object as obtained in transmitted x-rays, for example, the detector

elements designated 35 and 36 detect the emission of source 13 as transmitted through the
inspected object. In another embodiment of the invention, a single separate detector is
disposed between the pair of scatter detectors 35 and the pair of scatter detectors 36 and is -
30  employed for detection of penetrating radiation transmitted through object 18.
Within the scope of the invention, any x-ray detection technology known in the art
may be employed for t_he detector arrangements 31-36. The detectors may be scintillation

materials, either solid or liquid or gaseous, viewed by photo-sensitive detectors such as
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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. Thus, for example, where collimators are rotated to define the path of emergent
30  x-ray beam 23, 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 23 and

24 of a single source), equal to 2 times the duty cycle. In systems where the emitted
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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,

30  atleast 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.
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spenetrate i npaifiedwedss-edotion aiRdteanganist bk @fdefiod fSkEiRialipe
vehi cl e cantrbe det gg&leg,. Since | ower. doses of x-ray
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present i nvemd ieRiPorallP WM d ith BRls lsibglt.rg .
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exenpl ary  ainda P BREsrhtSai Y eh At ifications wll
be appar ent toa?t hose ski Ff%éﬁ%h@@%&@ﬁ@@%{,y ané’lfgi?%{gmg
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the scope of,q4 e i nvention as defined in the
appended cl al Erggi,gn%ﬁ%o‘g‘?/ 098400 PCTI US20051011382 WWE
CLAIM 1.d.An i nspewmiiober fanys¢ating fnimage 8PHE ktangrid mabii# Ghsed
characteriz ion i .direction with respect to
¥ the i nspect ?%ﬁgggfg@éﬁ?aﬁfrﬁgr% PRNE W nprising: a. a first
sour ce 2% or Phoinsptctioh systeinras tetlf@ainelaih @ Dehdraih itiGnspection
r adi.at i. f ..5 specifie ross-section directed in a
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scattering _material within the inspected object and for
gener ati ng ‘Thejlnspeptiqnesystem as set forth in claim 1, wherein the first beam

direction and the second beam direction are substantially coplanar.
25 6. The inspection system as set forth in claim 1, wherein the first source of
penetrating radiation includes a beam scanning mechanism.
7. The inspection system as set forth in claim 6, wherein the beam scanning

mechanism is a rotating chopper wheel.

8. The inspection system as set forth in claim 6, wherein the beam scanning

30  mechanism includes an electromagnetic scanner.

9. The inspection system as set forth in claim 1, wherein the first beam of

penetrating radiation is a pencil beam.



woraek/®@gioon signal; and d. a controll ér' for crﬁgff,iUgg,og,ﬁlmsz
on

10

15

20

25

30
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the scattered radiation signal. 2. The inspection system
as set forth in claim1l1, wherein the inspection system
is fixed with respect to a local frame of reference. 3.
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t enpor al first beam;

b. illuminating the vehicle with penetrating radiation formed into a
second beam, the second beam temporally interspersed with
respect to the first beam;

c. detecting radiation from the first beam and the second beam
scattered by the object to generate a scattered radiation signal; and

d. characterizing the object on the basis of the scattered radiation
signal.

16. A method according to claim 15, further including;
e. varying the orientation of the first beam with respect to the
vehicle.
17. A method according to claim 15, further including:

e. displaying a scatter image of the scattered radiation signal.

18. A method according to claim 15, wherein the step of characterizing the

material disposed within the vehicle includes combining the scatter radiation signal

10
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to 27c times the duty cycle. 13. The inspection system as
set forth in claim1, further conprising a display for
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] it 5 ARG Y o GRS R BEL b anc

the second bean1 15 as transmtted through the inspected
o EVENT*dr generating a transmitted radiation

signal. 15. A nethod for inspecting an object, the method
conprising: a. illumnating the object with penetrating
radiation formed into a first beam 20 b. illum nating
the vehicle with penetrating radiation forned into a
second beam the second beamtenporally interspersed with
respect to the first beam C. detecting radiation from
the first beam and the second beam scattered by the
object to generate a scattered radiation signal; and 25
d. characterizing the object on the basis of the
scattered radiation signal. 16. A nethod according to
claim 15, further including: e. varying the orientation
of the first beamw th respect to the vehicle. 30 17. A
nmet hod according to claim 15, further including: e.

di splaying a scatter image of the scattered radiation
signal. & A nethod according to claim 15, wherein the
step of characterizing the material disposed within the
vehi cl e includes conbining the scatter radiation signa

10 WD 2005/ 098400 PCT/ US2005/ 011382 obtai ned duri ng
illTumnation with the first spectral conposition with the
scatter radiation signal obtained during illum nation
with the second spectral conposition. 019451 A50\D
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