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The use of an x-ray source and an x-ray detecto;, 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
80  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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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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WO 2005/ 098400 PCT/ US2005/011382 substantially
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Fig. 2 shows a side view of the x-ray inspection system embodiments of Fig. 1.

25 Detailed Description of Specific Embodiments

In accordance with embodiments of the present inventiop 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

30  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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3 WO 2005/ 098400 PCT/ US2005/011382 together as is
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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
30 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
July 23, 2002 and entitled “Method and Apparatus for Generating Sequential Beams of

Penetrating Radiation,” which is incorporated herein by reference.
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! e r%elcl)trs dlasrlrgl%ted 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 -
s0  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 the 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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x-rays, for exanple, the detector elenents designated
w@2008/008486 det ect the em ssion of source 13 asPCT/US2005/011382
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sources is set to 2 times the duty cycle, This
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| MROfchronization 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 2x times the duty cycle. In systems where the emitted

6



elimnating the possibility of concurrent em ssion
fromnore than one inmager. For exanple, a nmulti-view
WO p@peet4don systemwi th 6 sources woul d requi rECT/O8§1005/011382
they run at the sane frequency, that their
duty-cycles be 1/6, and that their phase rel ationship
be 27C /6, or 25 60 degrees. In cases where
spot systens are realized, by chani ¢

s ué*ﬁp dion cbetonigladesdisaoninrlye Mypsfseredanaungs o lﬁg affon or range of

af QiesAhSsY 1 set, Yithdut TN tallEn, FRlireRby FCAEHIE ONécFEakOEbnabI.
the notion of the nechanlcal chopper el enments, biased

by phas By vistue 9F tegnporph srUerc#Hg Vél%%ﬂ@:es @h@]némates cross-talk, sources
C 0 llﬂéyrﬂé&)ﬁ%@d A g‘?eafé?%ﬁ;xﬁﬂlt)f RaflEthlRgselfdssinatih IpQIftlcﬁﬁie CEREs 13-17
X-ray beam™2 | ose- oop notion controller systens
5 k navay beidisppred i a singly plane. avhighpgsentagegusty peymity pigiually simultancous
|

o n?}ok‘tloc{en@gl of ﬁ)% % ﬂeQBEfeéEs?oaf r% J@géebr\%%l} g){fﬂl ﬁlee o%gct s passing by the
S\/\mepg%mgl e of a beam i.e., the angle between

te)ét tr Iega {ns %&5%13){39 m §4F9Jnta%e§dsf&g){§v1§eo% & )matgg %Uﬁé derived

e miftoiretie ﬁerbﬁécﬁ@lﬁ/e@ﬁﬁsﬁfﬂ&sﬁ@' Joufs20d39/7 OEQBBQIOMS ao extmpary three-

an,. be contro n Slr (S8 nce
oot ViSPYsyde O DG gt B el sarlipi oS iorch ke R RGNS
|'i m t at T beadid tfioitdagh Difagel Sadep disequeice, SSOéH t\hﬂf ® more than one
control, By virtue of tenporal sequencin Lch )
" odiE ingiiiing FAdialioB at & fiBks s IOUTCE S0k Eaggemi S\geps its beam
pl azad R'adllaiilfn%@it%&ecﬁf&% tH¥i dbject, H@&pﬁéﬁé’iﬁd\/ﬂy&@ys%félr&ieﬁ/ed by all of
In particul ar, sources 13-17 may be di sposed

detestosn elhetignals fromazrh affbe 9%‘13‘3?‘“6 éﬁerﬁ:‘algreé.aﬁ fqpa{ariﬁhannels by
153' H lab GRSy R O frhiis (f)?d&gscié repbatdd¥@r achd¥ the &lﬁg@ﬁﬂig@ﬁscreaUng :
of t he speed Mﬁth which the oObject is passing byt
magéses”. of fheeobispt pseifn@eesdyi bed may advant ageously
pr ovi de Eﬁ[‘l‘ll‘%‘]‘l t20a 88 qg\rv'lél §dwn fof ﬂﬁahgﬁgemelglt offlg 1, with

per spective each “successive source 13-17
shelesneats desigmpsiddyieorrpsperding gumbessy 4 ylot Hhis shdwihthipaighhich the
23 ’bleﬁg of Soufce lgg)gﬁesswfb%gh Q%rr; ﬁfy 3Gh Ky 8Pdetta‘ﬁ{r Sil fa€ object 18 is
coplana e beans fr6m e€ach i mager sweep |
20se qm@éwhi&mmmg{ma lnpraldirectiohd® one i mager is
© Imrr:a:] Ie P Q'il [ adl assf/\tfé%m éhe c{e?ec%)rsnc%h bggéigcitlvgl%gr %etf) g'econstruct an image of
Scalid Ghj@:d $mmnciittwed1h]oemk 44 d&teatﬁbhf;&ie&@tced&bgndm)fmmﬂ gqurce 13 are
IS rec ] of . the det ors S
each oo v e etaspt ST b=Samg diaRi 8 S aRTamong
c hanrelrsesPyndibsuitiin aasroval scht@h colysti@nwitll Effisiepi e e the idstector
repeated for each of the three imagers, creating

25 | €% of the object as it noves by. Referring now
tF o Fi s% Eﬁ)bto%inﬁhﬁ%f WiWvértios ToMierRbre! My AdvaraSNER bll&d multi-
ig. W

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.



el enments desi gnated by correspondi ng nunbers. A sl ot

50 is shown through which the beam of source 13
w@awsmess4dthr ough segnents 52 and 54 of det ect or PGL/USH05/011382
object 18 is 20 scanned while noving in a latera
direction 16. The signals fromthe detectors can be

sel ectively used to reconstruct an image of the

obj ect._Singe scattered phot 44 det ec ted ) )
det ect ofSiPBCaSARS hers FamiLe of lseitve TEpns ofdhe eiayjs dggired, co-

S C lah ' R6itiBMAE 6Nte A sSMBWS SimhftancofiesiZofd 36HHRrol 6f A€ k248
can be shared anong all sources, and result in

i mppeatlags elthe sreed Wh e thRORIFGE IF RapSinERYcAE 1pRgsrse Thisigzeatly
detfehifEs Ao d@éxﬂ&qﬁ@conﬁm%ﬁf thnﬁs@ﬁs fbth %adhriﬂﬁé’érhl?ﬂle multi-view
furthernore, nmay advantageous low multi- view

5 FI JispeFtisp sxstex, rﬂal} nshmiwé pequmfgigfé Xt18y paispiontided agt herpegformed

R R e L
i ndi vi dBedides magmccﬁmnts o aglhpevluewnclvmeSe Inggmns of which
PO m%oc%melrl]tg of tfhe prefsel}% 1nve{1 %rhsavé ?scﬁged ogﬁga{arac[eggt?cg%f

to a source, one de asSSoCl a
el éuspéaver cﬂ@ecannhysbegfwhnqdwuﬂms&e n@pe ohbithe atesent aiviention. For example,

sh catter detectors betwee &

17 g eipeheL oo i, B SR o PR o 2, 46V B s, mass
| Maeasne Onhsg@eibytiod, miedn awhdidimahter, @ tikélihos@ obdonditisgtarpeted
hardware. 7. WO 2005/ 098400 PCT/ US2005/011382 In
apé@?%QFV%ﬁk where scanni ng of selective regions of

the obj Bficcbr@ade With@dstaifi empbddiits pOGE irveitidhgx-@dysthBeing maximal
i mgers allows sjmultaneous on/off contro

X- reasrsles PehamnseRvem Hﬁﬁée‘gaé%ao%%afﬁﬁme{‘?win é“gﬁ? etey, x-rays

15 S p@ﬁ’e’iﬁ{e"iﬂtokﬁ)(/eﬁleﬁ ARSI ob]ditsSnGdLBE hdhicls balel deteBd. Since -
the design of the control of x-ray em ssions from each

| ragfear dpges ohe-ravLiFradiationeate tup aayible: pypmebiles By be Aepgned using the

?#ééélﬁ Yienid F@ﬁ&)bﬁ&tlgfls Whdr@the §¥nis&d RARIBEHcHRlin P&sonnel, end
ormed as Is typically practiced in systens in

vm ipoint encrgies tstow 300kl are prsfearedr Themeeriedhd shej nyesghtigvention, however,

rns of which
bRl of R oP fo RRGHAMLGR: chBob &L D O
2od es cri b&te destiiimd eofbadiawntsof Qteum@nmn arg inggnded tocbeghyrely exemplary
lc? eunqgrgl? I J]a%gtlc%s aﬁ{l H‘m&]?% %%9 Al 9{ p&\)% £ §Rdsl) Ekllled in the art. All
|nven I'ON. For exa AcKkscat ter Pechnlques may
be sagiptarietdonsasd imdnﬁnauams tuleentanded td o widlein ithel sagpena dlse, present
mass dens éf§h6¢a§§ dIS g_tlon mean atom ¢ nunber,
or PYRE HSEHEHD natpg? A% geted threat material.
I n accordance with certain enbodi ments of the
i nvention, x-rays having maximal energies in the

range between 160 keV and 300 keV are enpl oyed. At
this energy, Xx-rays




15 penetrate into a vehicle, and organic objects
i nside the vehicle can be detected. Since | ower doses
wW@B00%A9890 i rradi ati on are thus possi bl e, autonP@i/UEx05/011382

may be scanned using the present invention. For
appl i cati ons where the scanned vehicle may contain
personnel, end point energies bel ow 300 keV are
pra&sg&l _The scope of the present invention,

v ITs not limted by the range of penetrating
phot ons 1enpl Ay &fpedtion $PeendlRs Gispdeafly aNbielt BRGhdered b frotion in a
i nventjon g;e i ntended to, be nere]y exenplary and

nuMEPEILR Wit espertdn dhe AnpesHeRiSYS it "cﬁi’étew qompgeingppar ent

to those skilled { first d8rc8dr- prtﬁluhng §fi§shbéﬁ%[ b@eh&%néfﬁi‘hatwn of
nodi fications are intended to be within the 'scope of

% he present P§eiEiad Frops- sfsu%%weﬁfé@ in} %flwh@aavb@ﬁmubstannally
claims. 8 M&Oéé%%%rel?&ﬂdéﬁ%%ﬁ%@ﬁé%ﬁﬁct VE CLAIM

1. An inspection systemfor i1nspecting an object
characteribzed by aseengrsopmse for pehividing 3 @noml beamraf ppeatiating

to the inspeg iaﬁgn W@Ecgﬁgd &8, fsgé{i% %E)He&&mr d RLAH: beg‘P dﬁ'&ctlon

first source providing a first beam of penetrati
radi ati on of andEtemp@elil)f ingdspersabwitls the thirgs beatn népd:neuiatmg radiation;

10f| rst beané‘ di reCt Ciur &b tsc%ﬂ c?eltlc%r itog‘geg’c}ferselttlo ateredfrom
ect b, Y it

di rection of noti a Sec
for providing laslsmecuﬂ dleh“fral’usenﬁ apkthe b¢cahd bepm bpﬁya;battmng

of specified cro on direct a secaond

et on AR RRL e Spsttea Bt ol s rabnge fanapd
beam of penabmahmnggmadmatlon 10 c. a plurality of
scatter detectors for fetectlnggradlatl n scattered

from at I%ast orfeco8iroigEorcraUTe HLizes Abhe AteHpgMeferial based

isbeam by any gqaist & thegattéBd fidiafibn Vikidli N t he i nspect ed
obj ect and for generating a scattered, radiation

si gnal ; 2and The sregifnsyptemas £ fortyia staim 4. wherpipdlpeinggrection

t h@ysicatstiBlel REhTBIpEEtitdh 1RATEkhe oFPefdlndecast on the
scattered radi ation signal. 2. The inspection system

as set Port hTheingiegiion systemae pesforthinelaimd pwberpisihe inspection
SY &t isSn B‘lo’ﬁ@l‘ij d‘Mﬁlé‘ the @SREE Lt ihPe@ionOF Rh refs%&gF)Oér)lfo%al frame of

reference. 3. The inhspection, systemas s
20c| agfprence. whereln t he |nspect|on systemis in notion,

during Elh e lﬁ%& nf ggtgrﬁ% Le? ?orthvﬂ)tcﬁn{l qSQﬁ&Elntﬂ% kst source of

| ocal frame o rence.
penetrating radlatlon 18 an x-ray source.

5. The inspection system 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.



4. The inspection systemas set forth in claiml,

wherein the first source of penetrating radiation is
W@R00gA98Y0 sour ce. 5. The inspection system as BEL/USTN$/611382

inclaiml, wherein the first beam direction and the

second beam direction are substantially coplanar. 25

6. The inspection systemas set forth in claima1,

wherei n the fjr.st source of net.rating radiation,

"ol udedda’ O ReBihn Sigemas kORTGHD e Y uhin sudtiop gt

Sy ptmitatitg ﬁ&hﬁéﬁntthb fidt idadi iﬂblﬁraeﬂdﬂi&ﬁcﬂby‘la fiﬁmh@lafﬁl period and

scanni n mechani sm.is a rotati chopper eel . 8.

ThEMSER el PRSP orn disqQp B BReiRTieed i fePeand

t h@enRdNpEA&) HeTist 288 tHEREIHAA kewiPok) BB B8t by fixed phase

el ectromagneti c scanner. 9. The inspection system as
Ssetelftineibi n claim 1, wherein the first beam of

penetrafi.ng trbhebtIh sySed aP & Sdrth iR @A 18, Warein the temporal

2005/.098400 PCT/US2005/011382 10. The inspection

sy PeeA efsacherourcy ig ¢hajagtedizedibmadutysgyesleei n emi ssion of

penetrat4 ng b ato) ' kLSt [ .

char act g%’i z eg@gb%&tﬁ?‘rsg %ler%l E rgr%{t) F‘g uﬁ Elr%lﬁgg . ’::‘IVF'}I(I:FICH(% %lesteélfl%or{al

of ppédereafieath sogree atiihatacisrizadrbytphesegelaaonghiperith respect to an adjacent

ch ' tenporal period, the first
1°ang&tﬁ%e&éé%tggg%#gﬁﬁh%?%mggﬁ ods offset by fixed phase

5 rel at idnshTlg. indptctiohtsgstem ap st fortnn slagh @ pfuathersempfising b display

ingclaiml0, rein the tenporal er.i gd of each

ol AF Bpfhs ol PRy P B eBiectic

i nspect l4n sYistiespeattonsgiterh @s td forth ia lchimnl Lhrthetvenprising at least

t he t enpor al erio f each source j har act er.i zed

by SBhERR R Slon PEHERIoR Sir ERE ALBRRES orufe B e Spepnd beam
15S 04§ tegnsaifeed| thioOghihe idspdtRsl objeet Adifyr geyiélating d @anskit:d radiation
i nspection systemas set forth in claim1l1, further
coﬁ%f“’i‘si ng a display for displaying a scatter inage

of mateisal i SARSEH: Wshdliifs 46bj@R) (REethdd conlfBRing:

I nspection systemas, set forth in claim1, further )

conprising at | eddymingting the ahiestivd@ipspetaEingradistion fymed into a

detecting at |easipRenof the first beamand the

second beam 15 as transmtted through the inspected
200bj ect and flor gdhepiastingghevehidnwith penstratingyiadiptiomformed into a

signal . 15. A methodaheim iRSREST Hfn 3mpRhif hterdpbied with

nmet hod conpri sing:

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 method according to claim 15, further including:
e. varying the orientation of the first beam with respect to the
vehicle.
30 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



a. illumnating the object with penetrating radiation

formed into a first beamp 20 b. illumnating the
waedsodsom t h penetrating radiation formed i nt BCHUS2005/011382

second beam the second beamtenporally interspersed

with respect to the first beam c. detecting

radiation fromthe first beam and the second beam

scalter b he. obj ect. to _generate a scattere . .
b e i 8 S SR oo o vith e g gp adiaton
on sigh4l dbeasried dafing MEmERASH Gtk thelsd8€bndspdfal hPbdtion. 16. A
met hod according to claim15, further including: e.

varyj ientation of the first beamw th respect
tooﬂgggw{)/g%%?[e. 30 17. A nethod according to claim

15, further including: e. displaying a scatter inmage

of the scattered radiation signal. 18. A nethod

according to claim15, wherein the step of

characterizing the material disposed within the

vehi cl e includes conbining the scatter radiation

signal 10 WD 2005/ 098400 PCT/ US2005/011382 obt ai ned
during illumnation with the first spectral

conposition with the scatter radiation signal

obtained during illumnnation with the second spectral
conposi tion. 01945/ AS0WD 374865.1 11
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