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| LLUM nmu““mmmmu SOURCE 5 BACKGROUND OF THE | NVENTI ON T “

i nvent o optical imaging. Mre particularly, \“Mmmm\m‘““‘“
invention Ffsboases to capturing images of moving objects by movi he poi nt
source of illum nation generally synchronously with the notion o the
object to prevent or mnimze blurring of the captured i mages while) at the
same time, to increasing the throughput of the imging process. 1n the
field of high-speed industrial inmaging, it is desirable to nmaintain objects
in notion at constant velocity in order to maxi m ze the throughput of the

production line. |maging,t i i i ch .| I I.S. performed by
transm ssion of illum n%@%@éﬁcgﬁwm%ctor, such as in
x-ray radiography, ar viTHAMOVING YLLEMINATEON POINTHOURCE | On i magi ng

techni ques. The inmages captured during imaging are referred to as
projection images. The general problemof inmaging an object in notionis a

result of tshe time of the RO Fﬁg@m NT’D'[IOI’] in the focal

plane. In general, if an o ion at sone velocity K
during a tine) At, Tmr@mtmenmdeopmcahmaanpoMmeeaxtmmly,thhen the i mage

i1l be 20 bl f
\g:tuat |eons #ﬁgﬁe %&?&é&t‘té I'S su ?Acfﬁ}eon Lﬁhﬁym&nqt@éqne vel ocity
of the obj ect souc@fﬁﬂmmnmgsne@ﬂmmcmuslmghﬂgnwgnmmmrfor m t he
required task(gpefv ekt SRS ;&gnﬁg\&ﬂgm% Wﬂﬂé‘%ttﬂ@&ﬁ%?%ab' e blurring.

However, ther& are a nunber of *casesruhere. orténlng e exposure time or
reduci ng tHe mﬂsﬁcﬁﬁowt%thob}mpmc@snot adequat e sol utions to t he

probl em of blurrin a5|¥l Qﬂ l. n3:00) X in
many situations thgl 0 %ﬁ,&'\%\ Cl tlJ)l/ may qﬁ%ﬂ ﬁl oriet%e |Er2i‘[n°% y of t he
illum nation pumvﬁqjedcdwtammwmtylmmdnabmmmmjhwmuw therpsadsétioni ent to

al l ow short e EB osure tinme my
be constraine gméfe sontz‘s‘hﬁl]ll %‘QP%%H@E ng%° >$’?o nove t he

object at a sp&wmnmmommmdemcmcahsmampmdbmpta!mnt of blurring

coul d be oft gﬁﬂu 0 stop the
noti on of the 0 ec? é&%ﬁ“%%’%ﬁ"‘?‘mg@g ?A céo\ptured and
capture an |rrawnms_fmhetocabpmmnomm menwdwgobﬂngquomgmm, stop the
he obj oct i o scaiisEY orll ol BB exposle aha B B hetSy e © O 7
situations, i tfodabplivieghi generallifan otjéxit ea\tels isbrerdimensitin st some véleciglK] ect duri ng

i magi ng. Start'n nd opping the .object during jmagin ally results
in substanti alﬁ%ag?ﬂbit%&?‘t’?’“gﬁ@ emqﬁ't?%’bgb@ﬁ?g“g?ﬁ’gﬁen&gl ng system
nust wait #eor blitred eth e éffdctivexedolution of K ® Aeach new position in order to image
the object with suf|C|en reck |onadto i | ur AIs t he del ay
time associated with SaP%ppl ﬁ‘b"s’an S ?tr’lnéets%%&o%mp Fr{ dedr easeoc he

t hr oughput of dfﬂmobjnagpsugicmpﬂymnﬂ mmgldu)gdemcmapmgnlﬂnmskdtﬁskrofan i magi ng
system t hat can Qbt e es of. an the Obj ect isin
notion while &%ﬁ@?ﬁﬁﬁﬁﬁgh@?‘gﬁ? Bf‘)m‘nfl in'lt ZI ng |°rr'Faa§| hg t hroughput.
SUMVARY OF THEWW&QW%hm@h@Me exposerettimeror fpduoingibsvelocity ofitlys ng system
that is Ca?sabl % Of CnoPaAJeﬂ uno S Of g)%lemo\f‘lbpna bl a%?cg.ﬂaw%mtlﬁcmtsm? e position

blurring by novi ng a source n suc
fromwhich il Ilmmtﬁoocuanvlepmqawmwnom thetebjegtorelosity mayde dispdzet theroves to

ensure that thg.p gﬂ{/&%@rﬂi@&éﬁmﬁ%%@gﬁﬁ%%&nﬁ bé H&nw ane

remai ns substanti y Ssta e posi rom whi ch
illum nation |2§0p|smrmpweﬁmmh§nlsedash addision,the @mmémﬁmmbleum nation. An
i mage sensor of Doyt i %gg | ane and
recei ves illun hctl on 8; proJ e'gt‘glgg #}1% egl?a?bi:hﬂgb?? fnghettg OHt' Q\geﬁ% nation

sour ce thaso pdegpmsd tltahatmhyih ahlae:eptable agombqf@htnng‘lﬁouldbera@andensor pr oduces
electrical signals,in res onse. to the re elve use the

i mage of the novi n %B &c ?aev |°h§m”t"tz &' oss{ogkjmg{%gﬁg@he%ﬁ&?

sensor, an |nagehtoﬁeatunhaaefthea:bpansh@ac@immdmg!msemovemn be
constricted wi nmovi ng
object to 25 ctz'aai}c {E’g{ eg%‘ tlulr%%%g do?i g°'?%t%¥34r° toﬁlglrf{tr?nogga\ﬁ ecgﬁgée}%ﬂhe%gﬁa
necessary to halt the noving object and to allow the object to settle
before capturing as image of it, the thhyoughput of the imaging systemis

i ncreased and the captured images are greatly inproved. In accordance with
the preferred enbodi nent, the point source position is controlled by
processing circuitry in such a manner that the position fromwhich the 30
illumnation is projected is changed as the object noves to ensure that the
noti on of




the image on the inmage sensor is mnimzed during exposure. The

il lum nation source preferably is a scannable x-ray tube that can be
addressed to |l ocate the point source in the tube. The noving object is
typically an object being inspected as it noves along a 2 producti on
line. The tube can be addressed to select a particular position on the tube
that functions as a point source that projects x-rays isotropically such
that the noving object falls within this radiation. The useful portion of
this radiation is the anmount that intercepts the inage sensor after passing
t hr ough t he obitéwet posifing, and soeaat asdhe abfect is moveldilangitermaiefactnring limer oughl y

pyram dal sha . .al 1.y, r . ' | StLLy. as a

cone- beam Th?%‘%%%‘é‘é‘s“?aﬁ‘gg‘g%“g“&1‘¥‘?§/“c n ?e%@?q{th%aé%@drsé&gﬁenﬁbﬁé% t he tube,
and thus the pinsing inmagingf Stattiag pral stippimg theobjectaindnginmging gentdally resude inpoi nt
source noves in the direction,of tion.of ., the ghject at .an appropriate
velocity to caﬁﬂgsémgﬂ m%compgfz&%ael%yrge pesause fhe fmaging sygem F'b&r“@ﬁai n

ef fecti vel ys stfo# thootiécy to sBiyle iHto/¢ablndwisbsitioh i orded tesimidgethe dbiject Witk nanner
blurring of the _captured images j.s. mnim zed without the need to bait the
movi ng obj ect Sfftfieptpregigiongnd pnaverbhpting, Aloethe delayfimeassociatedithi ng an i mage
of it. This, 'sibpbﬁ&ﬁndﬁdrﬁ@’tﬁe&ﬂ‘&t&&kﬁéﬂfﬁ?%o@ﬁpxﬁbﬁh@h&?ﬂﬁ%&s&m| ine to be

i ncreased. These and ot her feat'u[es and advant ages of Che present invention
wi || becone appar edee tappeedrexists dof an imegang syytesn thetcan gbtainipregise and cl ai ns.
s BRI EF DESCREg: G Isjobt hife i Yo i ition WuiiSmhishlzlg b hchy
illustrating an éxanpl e enbodi nent of the imaging system of the "present

i nvent i on. 16 gwaximiging paaging threwghputet orj al representati ons depicting the
manner in which a 20 noving point source illum nates substantially the sane
region of a noving object when the notion of the point source and of the
obj ect are synchroni zed. Fi gSUMMARY OF THEJNVENTION i | | ustrating a known

i magi ng t echni que, —mpl;,@;;r Yo lnIY : : tep thith | . Qe halted
and that the object be a {omdéﬁoééghg&g‘ggﬁﬁti neﬁt‘sh‘,;eap%lloe}%gjg?ﬁit"sngto be

i |l uni nat ed arithegesof empvngiohiest withyminimal plusingbyanayingapeigt sopweaf e t 0 be read
out fromthe %&rﬁﬁ&tﬁﬂh-w&ﬁ'tﬁhtﬂépbﬁti&ﬁdﬂﬂ&ﬁﬁhﬁ%@éﬁibﬁgﬁt&a&ﬁfcﬂ?@ﬂge I magi ng

techni que of the present invention in _accordance w he nul 1 pl e- pass

i magi ng _enbodi thephiechimoyes ip engure tht the poitian pfthe inpegepPicqtpd 19tIn iPRENPREFERRED
EMBCDI MENTS ' Thijank réhteidisublstii@dllylefiEctivaly Sthtionbry S Thd posiibR i whith | magi ng of an
object with a point source of illum natjion where the |ocation of the point
source is addritluminsion is preiegipd functignaps 2 ppisttopsce af iflymietion: AgMewge sorat | east
one and, in apiieGmhdifl St isYokitibnell M BE intagflip FRAS id&eived Wibthiglidns PeT f Or med,
in two di mensions. A point source of illumnation is defined as a region in
space t hat 20 s Reeigsed fes e pesition oS the lluminafion senree that asses thrpugh thamovinggi ng
resol ution desjyieet The fifge Bhsciprddates bletar bl ih Adbonbd BtheRbcerby fOrmthat is
used in inmagi n_ﬂ can_be_projected. Such radration can be any radiation that
travel s in st riipgwetion; Becausethe imagenfshemovigeohicstfempnsrtiectivelystationant esul t i ng

in a change i o h€infagé dthddr, R ikige bl'& 1dait@pBftioR B th&lmSAREOH&QE éRnbbat can
represent a property of the object. The radiation .
constructed with minimal bhurring and without having to halt the moving object to

25  capture an image of it. Furthermore, because it is not necessary to halt the moving
object and to allow the object to settle before capturing an image of it, the throughput
of the imaging system is increased and the captured images are greatly improved.

In accordance with the preferred embodiment, the point source position is
controlled by processing circuitry in such a manner that the position from which the

30 illumination is projected is changed as the object moves to ensure that the motion of
the image on the image sensor is minimized during exposure. The illumination source
preferably is a scannable x-ray tube that can be addressed to locate the point source in
the tube. The moving object is typically an object being inspected as it moves along a



could be x-ray radiation) visible light radiation, infrared or ultraviolet
radi ation, other el ectromagnetic radiation, such as radi o waves or
terahertz radiation. The radiation could al so be acoustic radiation, for
exanpl e. The point source of illumnation projects an i mage of the object
onto an image is sensor. The point source is noved in the direction of
novenment of the object and with a velocity that. allows radiation fromthe
poi nt source that passes through a given region of the object to be
received by a given detector of the image sensor. This enabl es
substantially pi’dilﬁctﬁﬂmiﬁe I'Etgitibe caf bel dddressbd RGtledta@ phe'cndmpbénﬁmmnshqnuw oj ected
onto substanti t he sane detector of the |, e sens exposure,
Cher ey r enderH(PSt5RE FRA TSR SFoe 1 PP B OB eA0s B haf 1o BOTGE b
detector duri mg;etﬂralslmmgrqataamesmeu?&fﬂppﬂioﬂbf&isux@mwmhetmnml s noved in
such a manner that the vel 00| and direc f the t .soyrce is
general |y nmat é*t‘f’éﬂ‘m % %@Pab‘ﬁ Bl?leclthﬁ“ tionofthe, o 1y esent
invention iss Rafidtion défiles ¥ rovgHly p ﬁﬁmaﬁdhafpeihah@ﬂéb‘éhﬂ%ﬂfer@ﬂ’wxhﬁﬂ%@% in which
relatively flat objects, such as printed circuit boards (PCBs), for

exanpl e, are 25afengdeam| Thegprocessing gisentrinentrols he addresping ofthetu wﬂg'éws\/vi th
x-rays for th ‘R{!m’é]ﬂ ! iidSnduhS e 'herefore, the
i nvention w | ﬁh‘ﬁ%gescrl ed W ﬂ-‘] *r"gspect ﬂ%%g‘ht? |"s“fsg§{F€‘|§Ié ar appl i cation
However, it shiireétivn oEmetisned the objectatyn appropuints etocitytorcause ki imaged to this
application o i j \; ! itable for
use in any i e éél%éé%tﬁﬁlﬁ{:@# g?%éﬁn%%cﬁ%i o%{ aﬁ&gbﬁe@?‘ﬁghs&?@ﬁoves is 30
necessary & dowreiaithismanner, bhmsﬁf&bmhb@ mzeeepmmqummpmmmd i nvention

is not limteq enpl oyed
i n the | magi no® Sutdle REHAEifect shat BehiREctiCe SINIE Guii AR a8 BllRPRE =10 0101
invention is des'lalmbm@lbhsmempwofﬁmmwmn@bplmmgcthg it should be
noted that the pre dalities
as well. In accor dzﬁ%%aﬂvc\ln%tﬁh%p{ h&@sr esen@kalggs\a/t}em}%lp%%m%ﬂ nr?{’)tu?l g#l&%?g?he obj ect
is controlled aapmlemﬁfanklad‘olmwmmhmdgwmmmdrm ng the notion of the
object, the nariner in 5 which the point source of illumnation should be

moved for & particul ar i rragl ng pI ane is determ ned so that) during
exposure, substantially - $ s continuously

proj ected onto the . lr;gg] hnd;{;ﬂgn SofShAR t he obj ect
to be inmaged vm'thou ﬁ%{@%&l nduce %lt}{t?h eegé\%néﬁ%ut avl ng toSE% art and
st op t he obj ecystamefthe pressntanventiange of the object is to be captured. In
addition to captur %p Eg:ﬂ es the

t hroughput of the |@§?‘%§bg§g§§§¥ e mcreaéhl‘éﬁ'hﬂ?t er natlve y the notion
of the objext mwxsrmmtmﬂbmmt@mbsumlmﬂmmmoon@ammjmy be tracked
to generate trgekiy 'ﬁﬁﬁ Qikoibedt N€ pOi Nt source of
illumnation determ negﬁgf t‘he trac ?ﬁ%‘&% %jr’{'e rrlgnner i n which these
obj ectives are achFuv%@alhmlmmmWEWWeﬂpﬁwmm%Whvbnt| on will
now be descri me&foﬁgfﬁe Bﬁe&: bgﬁzlte&'and%hﬁﬁ-ﬂ og_]ectbe allowed to seitle

each time the object is to be illuminated and corresponding signals from the detector
25  areto be read out from the detector.

Fig. 4 is a timing-diagram illustrating the imaging technique of the present

invention in accordance with the multiple-pass imaging embodiment of Fig. 4.

30



Fig. 1 is a block diagramillustrating the inmaging system1 of the present
invention in accordance with an exanple enbodinent. In Fig. 1) the notion
of the object 2 being inaged is represented by rectangles 2A and 2B, with
rectangle 2A representing a first position of the object as it noves in the
Y-direction and rectangle 20 2B representing a subsequent position of the
object 2 as it noves in the Y-direction. As the object 2 noves, it is
illumnated with x-rays that are generated by an x-ray source 3, which may
be, for exanpl e, a scanning x-ray tube with the capability of positioning a
poi nt source of D DESCRIPTIO THEHREFERRED FM NE8e of the
tube in an address | e fashion t ubes .exi,st . that are used
for x-ray 25 inagi i‘ﬁ %Ivegté‘fmﬁﬁ Pﬂg%g? ?“%W%%ﬁ??béﬁg P&t are

sui table for menmtdeofmamimﬁamﬁemmvwﬁoﬁafmé@mmamsaaﬁes&b&pﬁnm ng X-ray
that is suitab th ent in entl nis.th anni ng x-ray
tube of the Aﬁ@ﬁ?g%’éﬁ%&ﬁw it x?' é”f?f?ﬁ@ t"??ﬂ?'&%"gﬁa‘ﬁ\wﬁﬁ 2 enbodi nent
shown in Fig. dmerdsiofial imigiig i6petforifieddinitio dinfeGsions] ACholit botceoPiMamit@tidmnat i s
capabl e of scanning in one or two dinensions. The object 2 shown in Fig. 1

i s depicted nﬂ%i‘?ﬁ@‘%”?n'?@?’b‘"m*%@ﬁ‘bmeF%'w ¥ dimensions dan thehe obj ect
2 may be i Mgqghahd fRshitidh BBdired® amﬁ&mwcmmnwm?g%%ﬂ sNg the

X-ray scanning tube such that the point source noves In Y-direction at
a vel ocity t hasedinimagingsaribe prejegied. Supleradiationsan he any radintion Bptttavelpini n t he

Y-direction. BggaiShied A8 bt witPalch _F:ct' &en@ﬁslr\ésu'im;‘é'nﬂ‘gc a{?%ctxenagfﬂ:‘er ection, it

I S not necessary to use an addressab -rdy source t es the point
source to Me rﬂfﬂ@d@ﬂ%ﬁtﬂqmﬁﬁmmmmtémmﬁwt Shhaprdiation

configurati ongohidde x@a}r%adihrﬁ&ﬂé light ?Jd:aﬁgn, @)ﬁa&ﬂ%? PiRol¥c rhdidbioh, Wafey MBY De

used for the 5 purpose of scanning in the Y-direction. However, It can be
advant ageous twmwmeaqmomsu@wmpwwemtmmmaam Thegadiation i ons, and

usi ng a two- d'c@ﬁ’lﬂ%ﬂs@ﬂ@&o&%@gﬂiaﬂ&}ﬁ e as the scanning x-ray tube_ 3

all ows the point source to rmve In el ther or both of these directions.
This allows 3-D i nﬁg@qmmmmmb-mm@orbmmg:mdeqfﬂm@bJecwntmamgeZ) Any

SN X14 SN R e s S A0l gl Bl Bl 21 &1 10

than 5 can be one- di mensi onal scannl -ray tube due

toits ||mtem§w«mwghﬂaﬂwmmq»@omth¢mwwwpmwhrg a\teed by the
X-Tay source FeR&Sst dic YR bk Rbeitiaivya iven Aélicr bFthe fitigh'seashr PYnign x-ray image

sensor 5. The x-ray | mBge sensor 5 CONMprises an array of x-ray detectors,
as i ndi cated Ispablessubstantigliydhespme region ﬁggﬁ objent f@@@@%@umlmgemsensor t 5

5. Each detect
foport i on to%armun %?&Euﬁggm

@P’L" t hat
is proportiona X-ray -ener gy t at |np|nge on it durlng
t he exposukke tmm@nmsuﬁwwmm@anlaswgmmdepmmmwmmmted (not

shown) into di k@. %hﬁﬁ?&sﬁxoﬁ%o@ﬁﬁnsﬁbﬂiﬁmn@rf&ﬁrtheq{e%%hﬁgecax

processor 7, alt S 1's not necessar e el ectrical S|gnals coul d
i nst ead be anéhwl@mmlssﬂmﬂx m!c*pﬂém’ésmlwgyew@mmnwf thegbigcthe 20

configured to pr Oc?ﬁegprw%ﬂm&ms%ﬁyﬁweﬁ‘stﬂiﬁ?&lﬂwaﬁ]ﬂmm%t ive film
could alternatively be used as the x-ray e sensor To acconplish the

obj ectives of ¥ @%%Wﬂ“?‘?ﬁ%ﬁﬂﬂcbﬁquﬁ%$m (Pﬁ&ab@gs&mw #8ntrols a
sour ce conby ol o Bong!beblohieSs fark i FN s for 1 pidfosdBPT OPY | at e ¥

addressed. To this end, the processor 7 performs at |east two algorithns.

The first of ZBspeetisg @emje}rfwtqefvstsdaemfmﬂwnmeow%% deseribediitth t he poi nt
source is nMoVegsbQ 1PMi'bhficular application. However, it should be noted that the invention is

not limited to this application or to any particular application. The invention is

suitable for use in any imaging application where imaging of an object as it moves is
30 necessary or desirable. It should also be noted that the present invention is not limited

with respect to the type of source or image sensor employed in the imaging system of

the present invention. Also, although the present invention is described with respect



that the inmage of the object 2 on the inmage sensor 5 is effectively
stationary. The second algorithmis an inspection algorithmthat processes
data corresponding to signals produced by the x-ray detectors of the inmage
sensor 5 to inspect the object 2. These algorithnms may be distinct from
each other or may be contained in a single 30 programthat has nmultiple
correspondi ng routines. For purposes of sinplifying the discussion and for
ease of illustration, a single processor 7 is shown for perform ng these

al gorithnms. However, persons skilled in the art will understand that any
one or nore ofto preieskondimaging, itishanldhsrioted that the presenbigvantiomis eppdicabletp nore ot her
processors (n . L Myreaver, the first algorithmneed only be

per f or med Oncé&hﬁ?p@g@ﬂ%ﬁ% |ov§e(ﬂbf t he obj ect changes. The first al gorithm
recei ves data fr onindeeorddnpewith thopresent invention the motidn ¢fithe objdotiscgntrodedf r om t he
production line,conveyor s em (not.shown). copcerning the 5.direction and
vel ocity of tﬁ@dﬁﬁf’één&yo o @“@Bﬁgﬁngghée'ﬂéqwoggw?ﬂgm’g?@ﬂ'ﬂ?énof t he obj ect
2 fromthe 3| whighthé poimt sauseerof flluthiration shoald bé mevéd frgepattictlaima@ing plede Of this
information is adi | ilable or can easily be obt.ai . Jhe first

al gorithm pr od%'ifgﬁgﬂ"f’%f%%%“&“ﬁﬁﬁ%ﬁ@& y%ﬁéﬂ“%feﬂf"?/‘g'ﬁgep@ﬁwon on the
X-ray scanni ngohtitineus pisjedsddbnidahedthe keichof the tmigs aénsérh FhisendbRethef t he poi nt
source noves in the Y-direction wth to a ,velocity that corresponds to the

velocity in t et ps imaged without motiopppdyead biuming without hawng to staiand 1o e

relationshi p ki obfeRteatNEmd & iffagd of tefobjebtSs Ve Bipnirad! ik SddRivA ty@bRFhg Y Of the
object is determ ned wl| beﬂgltscusse}(;agel ow%th reference&?o Félgs. 2A and

2B. The pr Ytedmages yithminimalblyrreg. fis eaeblesdhg throughput of thedmaging Rregsssdour ce
control ler 8, palicrdaseith ARernaive9Sthd MELGAIE fHeRbjectinfhy ROY Valknévil) bitGhed0Si ti 0N to be

addressed on the scanning x ~ 5 ray tube 3. The processor 7 and the source
control ler 8 t'?ﬁj\é’{‘ﬁg ?@%HWUC@E%@SW@&“?‘HB&WE%M‘YHWWQ t he poi nt
source’ at the nidlioh OPthé pdif sBREd dfiilumniMifion Bteridld RoMdhotradhing diRe The |t shoul d
be noted that it is not necessary for either or  both of the processor 7 and

sour ce cont r olMagperan whick hescobigctivies are,prhjeyed ip gecopdauceiththepresente noi nt sour ce

in the 20 id | Uivehfidn wifl n6W BE B@cribed With kef@ehce io¥8gd 1,2 Bat i on source” 3 could
have its own functionality that enables it to nbve the point source in a

manner that ensur e§i8t hig@ blogkdipgrarg dlugtrating the impaing sygem L pEtpeiEresstt i onary on
thﬁb I_rragfe senswegéonhiﬁ&mud_ _ cle%hgﬁ jeZfodiin eﬁthmg.alsmkhsﬁodm{ehe art, a
nunber of ways, . both digital and anal o exi to cayse the appropriate
motion to be iS4 ‘M@W‘@WJ%@&?%MU'&E%WP the 25
preferred enmbaejreseing alfifet pitinE the bbject bsit oA it @e YaIh@ERh Gnd feQargRPr Opri at e
addr esses of the Soi nt source. The source. controller 8 recejives the

addresses 4o gasubsequent pagitionof theoblef!Z 4s mayetis thei ViiresH® ¢ i ons of
the point sourg&nd ébjdctEmbvedsiftis NRiikhed WRHANCAYstRat B@ paiitthiedbyan xady t he
appropriate tines. I'n.the interest of brevity, the task of addressing the
posi ti ons wi | 150WES Hindichaaay e, fon syample. |3 spappiap Xiyduhesvithibe oopability oloq 30

enbodi ment In p%ﬁﬁ&ﬁd%ﬂﬁﬁn%&&&hﬁuﬂfaﬁéﬂdﬁdgimmﬁhg silrfae staeond

al gorithm perforned the processor .7 is an inspection algorithm Wen
executing thi &%ﬁl@ﬂ%ﬁkmmm-mxmmb&% et ag used ff ¥BY sj gnal s t hat
CorreSpon?zio Mﬂn@h%&d{cm{iiﬁiﬁﬂiﬂih’?g&ﬁbﬁ&&m?ﬁ;uﬁdbgﬁwﬁeﬂme sensor. 51in
response to x-rays, passin roug e objec . ang i ngi ng.on the i mge
sensor 5. The P&?‘&Bl"g’ﬂffﬂ“c%ﬂﬁi‘ﬂ?@i"gﬁdcaﬂpﬂég@égmfs}?@"@*eg‘g‘t‘?sgg’éﬁmﬁi gnals in a
manner to pr 0%&&%%&&iétnémgmmbowmu\}gleabstﬁciu@m@&.w typical for
aut omat ed i nspection systens. The nmanner in ich x-ray i1magi ng systens

per f or m var i oU8sPESH9R i nspection algorithns in order to exam ne an
Olbj ect ﬁre Iénowln- B{C'iiﬁgeﬁbddhﬁih fﬁshbwm?igﬁ,ﬂéamsa&remishbmm'ﬁgwﬂme?s any
al gorithns_devel gped .in the future for this purpose Sui, t e for use
Wi th the pPs it SRAblRaf tmnivg aps e o dimspsiors: The shisethshopminfiedt ect 2 1o
3;_ i ESpﬁCt ed, debﬁteh'mg&i?g@fye&e&&pmm@me Ym(ijre@ioa.enmtjeefz fhayte dﬁri Eg

ich the point squrce 0 urmg.nation .is ed.in to a manner. such that an
i mge of subst‘&’i‘?ﬁdﬂ‘w\ é“éﬂ@‘{gé‘d? BAViRs binﬁé‘eﬁlﬂgén}é‘tx‘?y peanmpe e+ od ont o
the same det ecduex thixfthd foft soR@noveyin tHe Yodirektidrat b Selbdity tiat dodvespdndilo t he
portions of the cone-shaped x-ray beans 9A and 9B, which pass through
substantially the same region of the object 2 as it noves and inpinge on a
detector 11 of the image sensor 5. As tlse object noves in the Y-direction
frompositions 2A to 2B, at each of i 5 the positions Y 1 and Y2 of the
poi nt source of the scanning x-ray tube 3, the portions of the beans 9A and
9H projected frompositions Y1 and Y2, respectively, pass through
substantially the same region of the object 2 and inpinge on the sane
detector 11 of the inmage sensor 5. Thus, the inmage of the object 2

- .. o o o Y e . g M




20 positions on the scanning x-ray tube 3 of the point source from which
X-rays are projected ensures that the x-rays that pass through the object
fromeach position of the point source of illumnation will cause

over |l appi ng i mages of that region to be projected onto the sanme region of
i mge sensor 5. If the object 2 had no thickness whatsoever, then for a
given region, identical 25 views of that region of the obj ect 2 woul d be
captured at both of the positions 2A and 2B. However, because any obj ect
wi || have sone thickness) then for any given region, a slightly different
vi ew of the remi\amcmjoﬁﬂneobgdoj ZamttheZY-mréchoxbdaecapé thepdnes‘omeamhntyosi tion.
Specifically, the l.oca at V\hlchth ect X-rays inter ect t he
bot t om ai de  ofM®Y H’é“bg‘fyc o, it PS“EHEH‘G J@‘h ’\?g“%lsgblﬂgwrsf"ﬂ'&?f #el ow in
nore detail Wehiblds@ePoRid Scrde o b risved &%&%axdn@mxrcamﬁemkﬁwat he
conposite image for any given region wll be made u&s‘cr)lf t he conbi nati on of

the slightly &Prisuratiens thanatwaduensions 2rlp)sopining x-rpy @ usedSgrthe each Y

position. ROr pulbse Jf Scfififig m&iiﬁ-ﬁ@&ﬂ&ﬁ|Hcﬂvdv&aﬂeanf&rad@aﬂﬁg&hy@rimfveﬂieon will
contain images of the r'm%on in at least both the Y and Z (thickness)

di mensi ons t alPgigt gpurcen bath e Xragd X directions, and ysipg afwerfimengional scanningsX-on, * whi ch
s _advant ageolysy bR ey tHY Bl 42 pSAl ok & bval AR ned usi ng

t onogr aphi ¢ or tom)synt hesi s techni ques, ke. Furthernore, because

the views are‘@ﬁ‘tﬁﬂﬁﬂ’tqm‘!%‘s Bhisallowap Datnawehnw@ntqhmbt@medﬂe So¥nt source
f lustrate th
or any given a;,@gj ‘*‘&“?gﬁ%m“ﬁﬁﬁ(‘{]’gﬁgﬁ’}gﬁ 'g‘gﬂ’%i& ustrate e

manner in which subs antlaH‘y t he views of a
parti cul ar 1or eghan$ mqueusbmfeetow@nmpndr(w) seannihgx-my dibe dustodts t he poi nt

source noves ?WW th_‘n&&g,smlon of the object. In Fig. 2A the
t positio

poi nt source prOJects x-rays through an object 19 and
causes an i mage toxsayswmbmeymmmmqudm ed onto

detector 15 of AL ensor 5
remai ns statlonary ang E cﬁ%g%egogﬂe%tay%nﬁﬁs son@"&ﬁl cbnesg ?even

t hough it \Aoulxaagmr%wm@eatww@gahadszdsmﬂmr&@e@whempemn t hough
the positi f @sem “?‘E%'@P gmotion of the
obj ect 19, %2 gf |Et§ﬂﬁe&gi3p{ﬂtt§% regf%ﬁ ' “_-‘I ggw é@?ﬁ?he obj ect 19 that
over |l aps the m@omegalmthc_m@tng-@metwm?@lmit@ﬁinsﬂwpxmsmt ed onto
det ect or S q I: ed x-rays
. Ltﬂ&ﬁ&l ﬁ?ﬁg‘ﬂge{éabﬁ E&l@&f‘eﬁ {@?@6‘% HL%@&P%@? X-ray

w | | |ntersect th ottoms ect at s I ght erent
| ocati ons, butm#msﬁlhh’gé@mgﬁsmsbymﬂpmml ﬂ@bu@hbsvbpmﬁw alhepst

entirely Ovef'&&mﬁ'ﬁﬂ%&%&.ﬂﬁ&b&&i&i&ﬁ%@ﬂiu{d%&wc& c%rgn%e&hﬂ%%es the

amount of overla t he re‘géons 14 and 14" 1 ncreases. conpari son of

Fig. 2A widh [P mteprewss ajajog signals. fAMéi-@&memﬁlmo@ﬁapes of the
i maged regi ongy bl’ﬁsed?{]thgghﬁﬁﬁlﬁ% F| g. 2B, the position of the

Xx-ray t 3inre erenceto ont esurface of the object 19
i ndi cat es t hat theTeche@pm@ewammefdhqmeqeﬁenventxondprp@ebb@mmmeorc? fference

bet ween the oy tgﬁea% d|f n.{,%}'wﬂ,é.&{]&{tﬁﬁ-ﬁygoﬂéée%?o&tapﬂﬂﬁaﬁél?n H

illustrates the erence t ween | ocati ons at which x-rays

|3 and 17 i nt e -t ¥ethis gud; theproressas ipgriorme at Iggstitwpaigorithmsy The firgiofy . and
al so shows,4 h%&ﬂ?&rﬁﬂz@&a&ﬂﬁé RSy ih Whiththefbint Rurde MEmARH RFdnsuk®. Thi s

all ows slightl ferent views of substantially the sanme re_g‘Lon of the
i maged obj ect that theiimpgetof the gbipgt 2,08 the impgsjsensey Hig elfectivelysigionaryt Thepe capt ur ed

Wi th mni mal  gecond algorithm is an inspection algorithm that processes data corresponding to
signals produced by the x-ray detectors of the image sensor S to inspect the object 2.
These algorithms may be distinct from each other or may be contained in a single
30  program that has multiple corresponding routines. For purposes of simplifying the
discussion and for ease of illustration, a single processor 7 is shown for performing
these algorithms. However, persons skilled in the art will understand that any one or

more of these algorithms could be off-loaded onto one or more other processors (not



bl owi ng. 30 The position of the point source 12 in Fig. 2A corresponds to
the position of the point source at the begi nning of exposure. The position
of the point source 18 in Fig. 2B corresponds to the point source position
at the end of the exposure tine, fit, which is known. Wien the positions of
t he point source and of the object 19 nove at 9 vel ocities Vs and Vo,
respectively, a region 14" of the object 19 that is slightly different from
the region 14 of the object 19 is projected onto the i nage sensor 5. The

di stance between the positions of the point source is equal to the point
sour ce vel oci tSpows). Mdreqver, the firsalgesithm peedionlyhe pgfraed omgeunless thegwtion as ar e

t he di stances G&ie dhed ™ge sensor 5 and the object 19, roD, and the

di stance between the source and the object, rte. Fromthe di stances roD and
rte, the val ue K cJhe fisst aigdrithm meaivks data fromlitiwobjectmaion controMinitdpot= K. Si nee

the velocity of the ghbject 19 is known the velqcjity.,Vs at. which the point
source shoul d sﬁ%%‘\"/’@%%ﬁ#ﬁﬁﬁfdﬁ%f?f’“thgegﬁgﬁﬂs ﬁgﬁnﬁﬁtom%agwg e i mage
sensor 5 r ey aalirestiontaad velovity pf themotivh of tHembject; ssovelias the distanee of e objedf0 * K. t O
It should be ed.that for the velocities as defined,in.the Figs. ~A and
2H “the top. s Pt e geyingiion bfos S b g P4 L pihys Pyl oo nt
sour oe positi dereAdibyrastaifablerdr can@asily be plisinéd. The Brst dlgorithim processes ehis dataf t he poi nt
source positi on ist nmoved ., cont.i nuouil%o qgri gﬂg t he. eﬁwiﬁ%he exposure
accunul ates a pflg‘;fg'g?’é&aw\"f%w&ﬂ'ﬁ”ﬂ OB AT oY Srangne e sensot 5 of a
regi on of the aifessed tokdsiréhit theamdtiop bEthe poitiCholirye meveintheY-dirdctiohwith' to a
predi ctabl e degree. of accurac $ all internedate, positi will largely
overlap. 110t °§5§¥{hftcﬁ9"ﬁ’°‘f‘%£°‘S?)Y‘i‘fc't’éﬂ{}k"cg%’gn?gg?%fﬁn&%ti onary at
pos:éI i gn A) tlhﬁaraaql h:ﬁ??&erﬂﬂo?mpﬁm&gﬁﬂﬁbb@ﬁiydéhetpbﬁgSbﬁﬂe];ﬁfdv*ﬁtbeiqg_xposure
wou e conpletely.di.fferent frora.the projected_region. of .t j ect at
t he begi nni ng %@%%\f“éiﬁ%@’ﬁ?’ﬁdw&ﬁ@adf’ﬁ% ‘H‘ﬂb'éfeffﬂgmgwgﬁ‘, ‘“ﬁﬁgr eby

causi ng subst aTHeipfdcedabrW dutpue.thedinlt bairce Addressés tb thlssi@cedomepliors, whichhe | mown

t echni que for htha i ng.an object . wherein. the ohject. is stopped and al |l owed
to settle each'®™ the prpro aﬁ@@&’b’ﬁ?&ﬂ“&f’?&‘%’?ﬁ%&”@ﬁ@ 91 the sc X tining

di agram i | hsistrapfubélsl e processtr and tHeaakircesdhtrsller § tbRethiédMtn piatedsiighni que of the
present invention wherein exposure and s Iing occyr for, a supstanti al
period of ti nmePSRMITY forppgitiqnie the point squpce @ fFHﬂRP ate pesttion,on the 3eaqning 3+
conti nuous nothprRbeRriod will be referred to hereinafter as a "pass", which
corresponds to i nmagi regi,on of an object until it is tinme tqg image a
di fferent region oﬁ‘{‘]ﬁ%‘%ﬁm “.“‘WH‘“&E‘E’G?J&‘H%& ef of botly ol the PRSERSF/nt  of t he
present i nventdndsourdeltontrollet D10 be bisell iCconbipiald pokitioWo¥l thic poin® Bévedt ih g enough for
t he object to he repositioned. i rder.to inmage. the new region of the
obj ect. No%f rrdg\"ﬂ'a"gﬂ"s?‘ﬁ"é"%glfﬁ?a’ﬁ%'ﬂmtbmﬂg%°mq‘§“ﬁ%&obj ect is being
repositioned bfandiondity thatieiablk itits mbvethé pointemacd i @ nahee thiat éngiirds thatfhied! y to t he
start of a new pass., 10. n Fig. 3, which correspqgnds to the known
echni que. ¢ neBBYOtAABio Ammss faighark 8 108 rroRe STROE S0 ASSHI bEREBRELT . e
t he }Navefonn %m&ehﬁm&nt}?m?}jum&b dva;iayhgb&bmgﬂ aﬁ&and AR, ieRigt 16 oguisél| yf and t hen
settling to a pew region qof the, object to be inmaged. en the waveform 51
's | ow, the mob? SRFEHS fonenfo R impstied 1 e poffk pouErg- I MCFHBCRBIEY has set 1 ed
to sufficient pefeweds iment)Dehe procdsson § isnged t6lgeneritetbé spprophiate nddipss@s et s t he
peri od of exposure .of the.object an, il lLunm.natjon source after_the notion
of the object a%o"bté‘é‘ﬁc%:lihfg 2 g%oﬁeévﬁnhﬁﬁé&%s%??rﬁ'@d.ﬁeqr?“%sgw be seen
t hat when t he adtinses thexoatespondifiglpositionsi of the paint sonrte inthesitludainationfseurence nuner al
55, the exposur vefqrm52 is low and.vi.ce vegsa. vef.or,m 53 represents
t he peri od aft'@?’e%g‘@ragh'ﬁxﬁ’eoﬁpf'ﬂtémms’q"memm\{ofbm“ty’\%emk(’f

addressing the positions will be discussed only with reference to the preferred

30 embodiment.
In accordance with the preferred embodiment, the second algorithm performed
by the processor 7 is an inspection algorithm. When executing this algorithm, the

processor 7 processes electrical signals that correspond to the clectrical signals output



to val ue generated by an image sensor is read out fromthe image sensor,

I.e., the image sensor output is sanpled. A readout period, which is
represented by the reference nuneral 57, occurs imedi ately aRer the
exposure period 56. The object notion resunes after the exposure period 56.
In Fig. 4, which con-egponds to an enbodi rent of the present invention,
many t5 exposures and readouts occur during the notion of the object during
each pass. The top waveform 61 represents the notion of the point source in
the Y-direction. Wien the waveform 61 is high) as indicated by reference
numeral 64, thEopdeimagesensersS ip sespense logk-rays passing throwghdhe objestdpndo access a
regi on of the ; f: mﬁl onn 61 is | ow,
t he notion of ?@é&g%fh?ﬁs“&%?e {ass) ’@ﬁg# re &ggﬁaﬁhﬂ?ﬁg’c%\é\%l ocity that
ensures that t¢ectioabsignalsin a inennerta grovise nsefid itBormatien absutdliefobjert 2/ ed iy

stationary. Thge vel.0ci . . Ohj [ he Y-di,rection is preferably
constant, but &gﬁé@%#g%ﬁg@éh” 90%%85&%gﬂ\3 eHnyw ’t"ﬁg“%aﬁ]"éct need only
be suffici ent | systems perfonn wariouotypes ofl insysectidnyalgdorithiris tlorider té Hamirean ebjedi scussed
above with reference t,0

Figs. .2A ghd 2B.. The waveform 62 represents the
period of expo¥tF¥¥ st ﬁ“ﬁ@k@ﬁeg@ﬁ‘%&"ﬂvﬁéﬂ?‘ﬁ aﬁ&'fﬁ%‘"‘é’géﬁ@gﬁﬁe 3. Waveform
63 represents developedin the fimire for tiguBRIse e Nitable fop @seweith.tRe préssatimteniionby an
| mage sensor is re 0 romthe i e, .S or 5. A ari son qf. exposure
wnver onn 89 of i o Ceusilin I @thisbtonl RE SRS L1t besmipited B Sitec g Rinar 1 o
obj ect can be eppsea & aperivd oftme diringashichi tiie pobt esutk@vf Hlumdiriation I8 mevedhodi ment

of the present invention than wth the known technique. A 30 conparison of
wavef or m 639 of 2 BaRper suck that,gn jmage 0 W%’“ﬁ’f'ﬂﬁ?"&"?ﬁ‘@r&&?*ﬁﬁz ¥ hi s enbodi nent

of the p(rjesen':)prbgbtaﬂiﬂt@mle?ﬁﬁb’eﬁ&oﬁ&l@gﬁﬂﬁﬁﬁ&&?ﬁitmﬁlh?ﬂeﬁibbhi mage sensgr
5is read to be drastically increased. The equenc t.he exposures an
readout s shownPIHPREPLfe gong; Ty sr?ﬁﬂnggﬁb‘?'ﬂ? R S'H‘\‘Emé‘g Yur ed

i mages. The || the sanefrégish oftilie objeOt s Andves dnd mpinged oira defectbi Al o leadgel NCr eases
t he throughput of the | i ng syst .t shqul d also e noted that the
timng di agrankest gFgﬁg‘g%%eﬁ%{?‘% ‘%\ﬁ'g\{ﬁ‘iﬁmlﬂ” ‘f°8m§‘ésaﬁét°\r%n8tﬂ°?°§,°gpect to
timng, butisarthe positivis ¥i Akl Y2 éfahe pointi Sdurczio€the bamithg X-Gly@ube Ssthbpdriieen t he
st op-and-go i ' techni gye of t rior the virtually continuous
g1 g echni tite et A st WiCtiered Krufpastims | andVS, frpeeieh B 1 on ot he
SLOp pﬁrl ods !mrdsgfeswwuaﬂyh jaly the SafneSTESHELT @ﬁobjafttzmlauhﬁ' e of tieGRmedetdctve prlhmary
t hr oughput gaips of the pres i nventi on, .also s not pecessary that
t he poi nt sourg@fﬁ'ﬁ)@’mﬁgnﬁ?’*ﬁ?@ﬁ@%‘dgg&° ti%ﬁ‘i"’&iﬁ?“i"ﬁ‘iﬁ"ﬂ"ﬁﬁ@ﬁﬁg. | f the
di stance over sufisos B rénidinsRffbdtively Statfonhty 6f the AflageQen3br52 drhé Sontithin 66 ent t o i mage
the entire object. in si ngl e pass h no .reposj tioning of the point
Sour e (1 hd p el S FoREAE R, 85 PG SRR o R P B W t h
curr.ent sour ceprojected énsgyes thatiieOr-rajsahdy pass daough theiobjettFromdactipusition 6fthd| e t 0
obtain nmore than 1000 %ngc a Si%ﬂl e é)ass. } e nunber of views
obt ai ned is i sPMHIPYERP ajse oY sraRRIng g AL IRBRLObP { he source
during exposur grojeéteEortdthg SanfeBfi6 of SfipeisérstrisL Yy and the i mage sensor readout
speed. ot ai ni ng unjgue Vi | npl.ies additional constraints,such as the
maxi num vel oci ty tﬂg'ﬂe%\?ﬁggquggﬂ@ds toqven ten for 8 swen pegion, idetiqd] ¢k ness of
the obj ect 250 Views ¢ralge tbgioh BEhE bbjéct D ivolild ®e Ephud& a0 both aftHe pdsitiohs ZACand

2B. However, because any object will have some thickness, then for any given region,

a slightly different view of the region of the object 2 will be captured at each position.

Specifically, the location at which the projected x-rays intersect the bottom side of the

object 2 will change slightly, as described below in more detail with reference to Figs.

30 2A and 2B. Consequently, the composite image for any given region will be made up
of the combination of the slightly different, but mostly overlapping, views captured at
each Y position. For this reason, the composite image for any given region will

contain images of the region in at least both the Y and Z (thickness) dimensions taken

8



Conversely, if throughput requirenments pnvide sufficient financial

I ncentive, multiple 20 i nmagi ng engines could be positioned wthin a single
tool and an entire object wi der than the imagi ng engine could be inmaged in
a single passage of the objet through such a system Technol ogy today
should allow illum nation brightness and i mage sensor sensitivity to be
driven to the physical limts of source target nelting and Poisson |imted
phot on detection, respectively, for x-ray imging. 25 It should be noted

t hat the above-descri bed enbodi nents of the present invention are only
exanpl es of pden different projestienangles ofrhe regipw sdichliy advantageoust he art WI |

under st and fr%ﬂ)ﬂ@ aqb'ﬁ%hgrﬁ}%ﬁgd 4T sc}r@rt&ﬁ&g:[l@r ein WI t hout

nodi fications may etot dlrrents
departing fr ommmtbﬁup@hmﬂuesmtmﬂikseﬁmhmmbecm thalviewsaxeh nodi fi cati ons

and vari ations .a e of..the. sent .invention. 12

CLAI MB Wat i Q?Faﬂ?%d&f@“igleic tl?qug}eﬁamggpgfcgﬁqr PO BRIt ng i mages of a
movi ng obj ect bhintxg iswdimized conprising: 3 an i1lum nation source capabl e of
projecting illumngtign fr luralit differ posi ti ons, each of
said plurality of 't“iaeﬁgén&@f%‘rg‘i’ eb‘Bl“f“E"’ Stihstantia Ei&f‘hes‘“?‘?l bytHRoRat i on when
i1l um nation llﬁenﬁdaﬁlvﬁ%eﬂaﬁdﬂﬁihﬁffegﬁhofﬁ@o@&ﬁhﬁb%@dﬁﬁhé&hxﬁ&&ﬂid | um nation
is projected at. any given tipe being control la suchthat the position 7

from whi ch i | PRI JPUECF BiovesSyRshrononslyyith the position. b8 figaf Bhe of said

plurality of %oﬁtiohﬁeemhpagﬁd,dAgﬁyectsa mm&&%aﬁsbjsalldmmdaﬁ@hﬂma@é
different positions, P’géﬁ} nthe il Batlons urce is controlled in
fhefthe,

such a manifer of Fgen °PFB?WWE%° eheatar| 1 of ¥rEAY IBRESiSESN ) ect ed

onto a novi ng (AR) B Bedadse ARAMBELerRSr § RMMP SR TharyBNEFechie the bbjed?39hR t hat the
position of an I'mage of the noving object projected onto an imaging 12

pl ane renai ns SS‘B!)%'!WGVM%FQ&OPWV&F Falegariged ag adflat gbjectDnmge sensor

located in t heydnTRdligh thePb@ish of Dol BER %%?n‘cﬁfonfzﬁ‘&@iu\/m@%ﬂi dfigheM Nati on
proj ect ed fromvan gﬁee% sa|o ?,ﬁrallte di fferent poglﬁons that passes

~5 t hr ough th@bm\)Png“‘Gb‘}YéBﬁem’c‘F@‘Wﬁﬁg‘g‘ﬂsMﬂ‘eﬁPEﬂd&"ﬁyﬁrlwﬂﬁ cal signals

in responsg 1Gegich 114I(wgm(7)%m%b,eaqeis\be«sje&éa%@hme&apmMeqﬂa%r&msaﬁge of at
| east a portiagn of th novi ng obj ect _can be ngturqugh m ni_nmal

blurring of t e #sdttsd aboye,she prpy el Xstaxs v lfntersect the bottom i eoBipHIPsi ng

processi ng ci lagslightlydiffaeitiictatichs, bafthe intaged regibns' 1Q@nd 94 iof the Bbjké @90 Whi ch
IllTumnation is projected fromthe il]um natlon source 3 to ensure that the

posi tion fromalpastemtirely Qreslaps ¢iltonasithe thickpeatafthe W&H@MW&H‘F‘@%USI y with

the notion of of baraPbfakd regidnsi4 and' B4’ sﬂemm of claim1) wherein the
illum nation source is a, scanni n

t ube a plurality of
addr essabl ® posi t i 6158mPariseR %ﬁ‘%ﬁ 'Ihlffglﬁﬁfl?"b‘ﬁ “éh@ng‘g‘?‘“‘iﬁqﬁ Be) wherein
when a given rsﬂ@bwmlﬁi‘agédhep@ﬁamm £ dbjet IWMFIJgSZB%dﬂrpﬁﬁﬁdm)fmﬂ rays are

R SR AR R A M
X-ray energy topptt 19%aS@6ved ir e W&hcﬂohemg&hcaﬁdwbmm&eeﬂthé ke i mage
sensor. 13 ray 13 and the x-ray 17 at position B illustrates the slight difference between the
25 locations at which x-rays 13 and 17 intersect the bottom of regions 14 and 14,
respectively, and also shows the overlap of the regions 14 and 14’ of the object 19.
This allows slightly different views of substantially the same region of the imaged
object at slightly different projection view angles to be captured with minimal
blurring. .
30 The position of the point source 12 in Fig. 2A corresponds to the position of
the point source at the beginning of exposure. The position of the point source 18 in
Fig. 2B corresponds to the point source position at the end of the exposure time, At,

which is known. When the positions of the point source and of the object 19 move at



| 4. The systemof claim1, wherein the systemis used in industrial
applications to 2 generate substantially blur-free i nages of objects as the
obj ects nove along a 3 production |ine, and wherein the processing
circuitry includes a processor that 4 executes an inspection algorithmthat
anal yzes the captured images to determ ne 5 whether or not the objects have
defects. 1 5. The systemof claim2, wherein the processing circuitry

i ncludes a processor 2 that executes a source control algorithmthat
processes the information received 3 relating to the notion of the noving
obj ect to det evelicities Vi and)és respestively, » cagiontid cof thernbjedt §9\thayisislightlyon beans

shoul d be proj ] ! > Lect beam of
i1lum nation r@ﬁn%ﬁg%sﬁtognutgg%%?ilépﬁge %:J(g%ts?a}l?lk’ ltoéfﬁg {éﬂgét%g%g'g?geg %n%frhsgq'ggsi tion of
the 6 novi ng odipterse betivedh the'pasitivihsod tHepoint soptca is equpl tathepainteburee veloeitng obj ect
t he met hod conyrii ng: oj.ect ing. t.lmination fr.omone of plurality of
di fferent posi ?%ﬁ@%?ﬁ‘ﬁﬁé"@%@ﬁ%’g% °§'Bta,s"2fq%°o41§%ﬁrhemﬁé posi tion

f rom whi ch $ heinagé sefdon 8 ahdifie bisjedd 1 Rirgif drddhesdistdhcé bedweeh fie sburbdid tieon from
which the illum nation is projected is changed fromany one of said 6

plurality of dPaifchrenfroghibe disianres fop and 1sp theyalun K cap ke eafculeted gs foflowss ) j ty of
different posi{rPPRoVrogH&h Sifteihe FelBaiof ttie Bbjedt 19 inbWa)heelokidEVy@RVi Ng obj ect

projected onto an i magi ng plane 8 renmai.ns substantially effectively
stationary; 9 Waechthe pogt sopreeshonld moye continyongly fo gagirehatdheimage o0 thener at e

el ectrical si gimgSsehéop Srénthindldiatibhad)tah BRGRuRted s follGRGvsa OVKI on of the
novi ng obj ect can be_caonstructed with m ni mal , bl urri ng 11 7. The

| . .
met hod of dPaim 6, Im%‘%m““f@%é‘”mwlaﬁffifwmﬁﬁ%ﬂ_ a4 Rythenation is
projected are @gcirfeéatheCobjRN projbdiEidabivally f6ibothpoit Yk Podifidndmaat i on i s
projected functions as a point source of illumnation; and 5 the position

from whi ch t hePYimtisonTreRRsitionB; In this gramnsr.dlthe point spuseaRopitien I yuogedaddr essi ng one
the different aﬂﬁﬁdowam};ﬁ.eexﬁosmﬁhe%&um;&mm aPrdjécted biew¥aGhei N the

illumnation is projected froma scanning 2 x-ray tubé and wherein the

i |1 umi nation piegeior { 2of the igmage seasof f p{awegign pishe ehigst Kthatds represeptgd by adi at i on,

and wherei nst h&th@:'ﬂ%ﬁiﬁékgx%hﬂﬁﬁkaeg?&%%ﬂcﬁxsﬂhﬁt&nﬁﬁépﬁﬁ@&ﬂ"wﬂie' ate to
an amount of x-rag' energ hat _passes through the object "and inpinges on

the image 5 selaasly overlap. ifthepoptieonefdhepoint seircswsre to rrmapnstationsmptti si ng
processing t he;[xginﬁglkg uae?}ojqaeapegio% of?mEoﬂea%@au?armEbfposﬁ@Gsulasasor

correspondi ng e 1 mages of the object in 3 accordance with an

|
i mage processi WD&H‘W&MW@?WG@WRHQ%OW_H%@‘&B’P@ESOW}W th mni mal
blur. 1 10. Thgobanl BErnG! wiliebdobveras! hitby GOy hiaabaBhagRsSI N0 t he

electrical signals 2 generated by the | mage sensor In accordance with an
i nspect i on 28 gor i t g & prcn iring Aiagrys oE the krownierbeigue 5T Enegide A9 pRiCChiet her or not
the obj ect CONyRééR tHe@bjecti stépped 2AUIIGWRW sehfe caftRfhd it KA bedrPosed andl. The
met hod of claim9, wherejn controll |_n% t he &OSI tion fromwhich the
sampled. Fig. 4 1s a timing diagram illistrating an example embodiment of the
sampling technique of the present invention wherein exposure and sampling occur for
a substantial period of time while the object is in continuous motion. Such a
25  continuous motion period will be referred to hereinafter as a “pass”, which
corresponds to imaging a region of an object until it is time to image a different region
of the object. In accordance with this embodiment of the present invention, the
motion of the object is only stopped long enough for the object to be repositioned in
order to image the new region of the object. No imaging of the object is performed
30  while the object is being repositioned because it is desirable to move the object very

rapidly to the start of a new pass.
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2 ilhunination is projected includes executing a source control algorithra
i'n response to 3 information relating to the notion of the noving objoct to
determ ne the positions 4 fromwhich the illuraination should be projected
to ensure that the inmage projected 5 onto the image sensor renains
effectively stationary. t 12. A conputer programfor capturing i mages of a
novi ng object wwth mnimal 2 blurring, the conputer program being enbodi ed
on a conputer-readable nedium the 3 prograra conprising: a a routine for
controlling a position fromwhich illumnation is projected from5 an

i Ilum nation sour cls FigB8owhichhesmiespgndsite the knayandbchnique, theh@\paysfonnéh from whi ch

of posi 11 ons. APFeR e BRuRUERED e RpREm) S OMMAL 0Ol fnel P 1 1Y

plurality of pusaednsammngmedlmmd thénsettlingito ﬂmv&'eglombftbtk sbj¢ch® belithaged.nat i on

source such t he r am u s, 9 ted from

the illum nat %\m?bum 'SA ‘YT@V% gﬁfé bj&ﬂ%h &@Mﬂdgﬁé’h‘ i 0 manner

that the pasi ﬁlhmnﬁﬂtddﬁﬁicieﬁﬁgaldﬁfntbb@mglﬂg ’Dhjvﬁﬁéfoﬁﬁ@lﬁﬁkﬁdts%to anhl mage
i 1 13., The

t t plane renmains substant]all effec ively stati )

conput er progPﬂ?ﬁddi'eWé‘Fﬁ‘P%L‘E‘ %ﬁ&?’kﬁ“ﬁ ‘HF‘BT%BP‘@H“% F" 'i'f&tfqntﬂm’l"hat passes 2
through the obbjéthad SeehlBilRE hrititthddbjckt hadBéledS RtaMbe sGSthhtiwhe the mdtibl1e | Mage
plane, and 3 wherein_the imge sensor converts the detected illum nation

into el ectri cAavepryhdl ig high, as ndicpied byseferanpronumeral 53, the sxprsioes svaveform 32
cor r espondi ng.glewtsiﬂv&ke&siIwalefo%gmaép&sé:&tﬁefeﬂa&meaeipoaﬂewag& of at |east

a portion of the ob ect with mniml blurr
LA AY. A AelA A(é‘“i\g Bé’ 2} imagegenser Jgread yﬁ wesem:e the image

yt ni cAXS] caU] Gétlssraullpu neaa]mﬂuoﬁ odwhith eerefireseatedb hetdiesats all cal call ca

~ Ra Ra %
RS vyt

U c"aU] ca] Ca%&%ﬁﬂ&?ﬁl%ﬁﬁﬁeﬁﬁ& sq U] ca] calU] ca] calUl calcalUlca'.-/|, MOY+W }
4111"c""ysnga[ Ui ¢~ XS] U cal] ca aU] cal] ca ca] caU] cal] ca
U c”a] cal] cal] cay] kR ';ﬂa]“e ofthepresent mventlon, many
U] cha] ca] cql C%](W@J@QJWc&fm €motion of the object durin each . The

"h(j (m(((6))**5+++, , -"-- W/OUO|vqke Jca ca] ca ca cal] ca] ca] ca]
ca] cal] ca] ca] é*aqwr@gfébmma]%r@wr 'é‘EJ%' le'a & cal] cal] ¢
al00171] 11111 lfednstéidnn 6 Bid haghla iftidated b 7e?&8ﬁahﬂ@a13{]tw pba]t%weqﬁ] caJca] cal]c
a) ca] ca] ca] cay] caU] ca] caU] ca] cal] ca] ca] ca] ca] cal] ca]caU] caj caU] ca] cal] ca] ca
] ca] ca] ca 8" 9WBYYR:at & very high speediio agsags\asegion of the object that needs to be imag
CC! CBCDOWCD) E viieh @eGhavRlofin 61k 18w, MecdiloR of hapdimabiiradflas Bdeh Mdhscdhemt/ cal cal] ca

] caU] ca] caU] ca] caU] ca] ca] ca] ca] ca] cal ca] ca] cal] ca] cal ca ca] ca
bGa 11 BJJI< CIYE‘E"M\]MRNWM ¢ image on the image sensor 5 remains ¢ ectwey

]OOP]n PPGPPQLZJ]Q' ] ]opﬁ\U]b adltJ]ﬁedﬂ vajiredliof ad kﬁaMcsa}agﬁngﬂQt?%]QcRa] cal] ca
ca] caU] cal] cal caU] ca] cay] calca]c C calc ca

RISST TstTTU@éﬂW&MVMXM ﬁ?‘&‘]ﬂ/ﬁ% %}' M E)]‘E‘%?]“E‘é%] ca] cal ca
U cal] ca] cal] weliatfy adiks almhmﬂmh&e&dw%m&mh&aabﬂgeawmksal ca] cal ca
J]caU cazC D\I\K\ Y73 5 = aabb+c dej e

f>fAff eggg3hhz1?*ervaveﬂm RrEresate eélweéfmmt@meew%mweaq cal] cay]
cal] ca] calscaldhurads. cwrbletrmles addrcaaicnb baint andskrpphaa el the adideqeiiitdd) | O j | kkBl
| DhmDn| nbooppppq\ aqg Nssssst zu0| d’\XRd ZU cal] cal] ca] cal] cal] ca] cal] ca] ca
] ca] ca] cal] ca ’g& Eéf@;ﬂfﬁ'lﬂ ca] caU] cal] cal] cal] caU] cal] c
all cat Q t QJuvvl\MMM/l%o :vemex ﬁﬁ&d&dﬁ%ﬂyﬁﬁﬂﬁwﬁﬁéﬁd@&%\k%m} cal cal]
cal] cal] cay c cal] ca

U] c*a] caU ca] % ?{ ol many pep tmesrraceqrdancs with ey 1 #( 36<7Hy
XDnt { zupkf " [ Vichik hﬁeddﬁaéﬂksﬁh& ]xﬁ\&hm]tﬁﬂb&nmai:a&b%tﬂmﬁd&a!&] ca] cal ca] cal] c

g}é\lgﬂ gi]zﬁi {C %%R*’@%ﬂ"ﬁé}%%f?gg 5]’%]3(:055]%3]“@3?83&“661] caU] ca] ca] ¢

.a] cal] cal ca] Ma%ﬁaksmkﬁﬂ&a&ﬂmﬁmmwel L410% P& () -
* IL410%I&() *IL410%& )-*",10% & (),-
sensor 5 is read to be drastlcally increased. The frequency of the exposures and

readouts shown in Fig. 4 prevent or minimize blurring of the captured images. The
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10s- 10%&' () - f &109%&Ty(shoul m'(e)no@&ﬂmmu@ngdamo(linss &mm)aotﬁm%m aB: /

! 'OI( J (1 gz/ﬁ Sr% ( I('L’%% %Wé%%&?@“%@%"%f&%&%%0%&' ()-f12
10%\ & () - f § 6) heyweed ihuBtop-and-gsibagifig (rhrs e %Lthe priorfadt@A@Rthe VirfualhO%R' () - f !
10981 & () -1 10%&' él}lIO\SIS-I-l-II-n;glhg teélgn'i:q;e@the present invention. It is the elimination of the

stop periods in the acquisition sequence that is the source of the primary throughput

gains of the present invention. It also is not necessary that the point source have

periods of high-speed motion during imaging. If the distance over which the point

10  source can be moved is sufficient to image the entire object in a single pass, then no
repositioning of the point source (the periods when waveform 61 is high) would be
required.

With current source and image sensor technologies, it is not unreasonable to
obtain more than 1000 views during a single pass. The number of views obtained is

15  limited only by the illumination brightness of the source during exposure, the image
sensor sensitivity and the image sensor readout speed. Obtaining unique views i:ﬁplies
additional constraints such as the maximum velocity that can be tracked with tolerable
blur, the thickness of the object to be imaged, the size of the detector, and the like.
Conversely, if throughput requirements provide sufficient financial incentive, multiple

20 imaging engines could be positioned within a single tool and an entire object wider
than the imaging engine could be imaged in a single passage of the object through
such a system. Technology today should allow illumination brightness and image
sensor sensitivity to be driven to the physical limits of source target melting and
Poisson limited photon detection, respectively, for x-ray imaging.

25 It should be noted that the above-described embodiments of the present
invention are only examples of possible implementations. Those skilled in the art will
understand from the present disclosure that many variations and modifications may be
made to the embodiments described herein without departing from the scope of the
present invention. All such modifications and variations are within the scope of the

30  present invention.
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1! 310%e& () - O“éugé% 0| ) 310%3e&' ()-0!)310%e& ()-0!l310%e& ()- 0! 310%
n& ()- ODWFeF] G = 11-10%& ()- ~ 10m 10m 10m
s10%1& ()-!" 310%s& ()- 0310%ru&' ()-0! "310%s& ()-0lI BJJJKLdEg\ =

1! 10968 10968 ( 093& () - GLOYSK (. --10 G& () - &10% : MVWBNNNAEg\ =
1')10‘VG&(%)ZF( 0%.%!{'5’ )& forcapyging) ‘é&%‘?lﬁ%%syg‘

@Oo0%=&' () - TNdCRﬂi]Héh g} <g\= 11! 410%: & () 8210%3& ()-
1109%6&" () -/109%& () -!  F+ 10%CC& () -! F+ 10%30G08& () -t QRRRR RASSThC
111" 109 ()2 1098 )am Ienipatiey source capable of projecting illumination from a plurality of

4  different positions, each of said plurality of positions acting as a point source of
illumination when illumination is projected therefrom, the position from which
illumination is projected at any given time being controllable such that the position
from which illumination is projected can be changed from any one of said plurality of
different positions to another of said plurality of different positions, and wherein the

O 6 N N W

illumination source is controlled in such a manner that the position from which

10  illumination is projected onto a moving object is changed as the object moves to

11 ensure that the position of an image of the moving object projected onto an imaging

12 plane remains substantially effectively stationary; and .
13 a image sensor located in the imaging plane, the image sensor receiving

14  illumination projected from any one of said plurality of different positions that passes
15  through the moving object, the image sensor producing electrical signals in response
16  to illumination received thereby from which an image of at least a portion of the

17 moving object can be captured with minimal blurring of the image.

1 2 The system of claim 1, further comprising processing circuitry configured to
control the position from which illumination is projected from the illumination source

to ensure that the position from which illumination is projected changes

B WM

synchronously with the motion of the object.

3. The system of claim 1, wherein the illumination source is a scanning x-ray
tube comprising a plurality of addressable positions from which illumination can be
projected, wherein when a given position of the scanning x-ray tube is addressed, x-
rays are projected from that given position onto the object, and wherein the electrical

signals produced by the image sensor relate to an amount of x-ray energy that passes -

A u»n e W N

through the object and impinges on the image sensor.
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o HOYE (L baeeleh iiabetfioforgoriufth Bikinbilzes it Wprinka imap @ abrbiif TN NDOOT VK
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| - The system of claim 2, wherein the processing circuitry includes a processor

that executes a source control algorithm that processes the information received

relating to the motion of the moving object to determine the positions from which the

2

3

4  illumination beams should be projected to ensure that the position of the projected

5 beamof illMﬁon remains substantially constant with respect to the position of the
6

moving object.

—

6. A method for capturing images of a moving object, the method comprising:
projecting illumination from one of a plurality of different positions onto the
moving object;
controlling the position from which the illumination is projected such that the
position from which the illumination is projected is changed from any one of said
plurality of different positions to a different one of said plurality of different positions
such that a po.sition of an image of the moving object projected onto an imaging plane

remains substantially effectively stationary;

L -TE - B - T L I I T

detecting illumination at the imaging plane to generate ¢lectrical signals from
10  which an image of at least a portion of the moving object can be constructed with
11 minimal blurring.

1 7. The method of claim 6, wherein:
the positions from which the illumination is projected are addressable; and

the position from which illumination is projected functions as a point source

2
3
4 of illumination; and
s the position from which the illumination is projected is determined by
6

addressing one the different positions.
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2
3
4
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x-ray tube and wherein the illumination projected from the illumination source is x-
ray radiation, and wherein the electrical signals produced by the image sensor relate to
an amount of x-ray energy that passes through the object and impinges on the image

sensor.

9. The method of claim 8, further comprising processing the electrical signals

" produced by the image sensor corresponding to multiple images of the object in

accordance with an image processing algorithm to produce an image of the object

with minimal blur.

10.  The method of claim 9, further comprising processing the electrical signals
generated by the image sensor in accordance with an inspection algorithm that
analyzes the images to determine whether or not the object conforms to a prescribed
set of specifications. '

11.  The method of claim 9, wherein controlling the position from which the
illumination is projected includes executing a source control algorithm in response to
information relating to the motion of the moving object to determine the positions
from which the illumination should be projected to ensure that the image projected

onto the image sensor remains effectively stationary.

12. A computer program for capturing images of a moving object with minimal
blurring, the computer program being embodied on a computer-readable medium, the
program comprising:

a routine for controlling a position from which illumination is projected from
an illumination source onto a moving object such that the position from which the
illumination is projected can be changed from any one of a plurality of positions of the
illumination source to a different one of said plurality of positions, wherein the routine
controls the illumination source such that the position from which illumination is
projectet;l from the illumination source onto a noving object is changed in such a
manner that the position of the image of the moving object projected onto an image

plane remains substantially effectively stationary.

15

, 7109Z8& () - & 10%Z& () - Q& t QuuvVNWA?bC 1! &109%&Z& () - S! #
109@Z& ()-TI"109%Z& ()- 10%Z& ()-10%& ()-! 109ZZ& ()-f Nww/ X, yyydEbC



&} ddEbC 1!110% h& ()-110% h& ()-110% & ()-"10% h& () - T10% h& () - T10%

& ()-Td! #HdBbC 111, .. ' 10%h& ()-,..' 10% @ ()-,..' 10% & ()-1,010%
h& ()-110% | & ()-"110% h& ()-Dnqrstb@ 1! ! ~10%ae& ()-y10%: ()-y 10 h 10 h 10
h&; 10% h& ()-D510% h& ()-",..' 10% & ()-{a?b@1!'f 10%:& ()-S!f

10%r:r& ()-S10%& ()-9z10%& ()-9z109& ()-9z10% & ()-A~6dEb@1!'!) 10%& ()- )
109 ()-) 10%&' ()-!MLOYR' ()-!MLOY& ()-! MO ()-z%C 1!! 10% & ()- 10%

h& ()- 10 10 10; 10%& ()-") 109%& ()-) 10%& ()-%uxz%C 1!! 10% & ()- 10%

h& ()- 10 10 10; 109%&' () -; 10% h&' O- 10% 1 & ()- Nor mal " "Headi ng 13]c"
"Headi ng 23] c" "Heading 33]c" "Headi ng 43] c" "Heading 53]c" "Heading 63]c"

Headi ng 7 He 3 t . P h
Font . &1 5 W hodAvi e SRPie e taf iz 12 hore prgrisg duminagon (haibestss, 6 o,
=Dl LNt QTWZI 3 bhfobgHOBiéStibeY i& Moty Mmkgmwosmuﬁemﬂﬁﬁ hﬁag@l;laﬁaand\lew

RomanAri al Courier New'h Root Entr e%V‘t)r dDocunent 6
" HSIR () * P - . Whereiithe image sensor converts the detected tllummatlon into electrical signals,

<=>? @\BCDERGH b WiMIGR RSV Yt Zdshes Yata 5iEcaRnih iothe Doty 2{ | } ~
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