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The present application clains the priority of B.S. Provisional Patent
Application 61/440,491, filed Peb. 8, 2011, and incorporated herein by
reference. T.LiCTIP-TICAL, The present invention relates to systens and
met hods for cl assiﬂiz;irgg matg%i als as to their effec‘téi \ie atom ¢ nunbers
based on detectlo t ona.

| a- ACT: CCRO TN—O ﬁgﬁ%@tﬁﬁmﬁﬁ gqlgh%%%ms have been
used for nore than 25 years to detect organic materials conceal ed inside
baggage, car go That@iarens, applivehicol etnirandbenepersonné] - Bebause: or gani ¢
materials inSHarR! Eraéf;ég ﬁreﬁli’]a‘ﬂf%a LAL(RE Ox?Pay S edy Sont B ' dedttdri ng)
rather than absorB them these material's appear as brighter objects in
backscatter images. However, DecaddeViherlbdclsedrter intensity is a

conpl i cated fungfiqn, sentth%x%rﬁggﬁq%hp@s%'b%eg&dqm L8R ARd, thi ckness
of the obj ectiadsiryne 1 drlasaapuid takit Ri@eyankengeehlitt annebsedri ng t he
object, it i Haghick peutiﬂtet%@tles*eOf heeaekseat reflisneensiayeto! fthether

cl assi fy t he T674ni ¢ nat eri al Sinul ations carried out over many years
have attenpted to find a rel |Bb&€m;aaﬂkdtmtmgrdual energy (or

mul ti-energy) - backscgt ter measursemant s to Qt%%' sthl nb |b(1er};t |ufS | ing C conceal ed
materials, othefe ﬁéﬁbst?giysbr%eiﬁ A B L ALRNSL LYo AbOREg One

met hod i s toiaki®es pabgddie enelgyoal ah{t&sxma»;erﬁewsemca@da peri@ok at the
rel ative bac k’sfé?ﬁb 2 &T%%Rycflp@ﬁ?’éﬁlﬁ)bjt ’(Zt;li ﬁ’;ﬁ wlge?éti’%ﬁ‘éi‘q mage at
the two ener §E8S O, BT GV DAL R e o hhELhi gh

ener gy int enSHItby/eﬁfelb&iHQSEﬁﬂstet ﬂﬁéd;@bﬁ@atﬁt@anltﬁ&smds bocehasisehted he obj ect
rmt er I al Anétjﬂ@lthmpﬁé{%el?;Sf%l Sg%s‘l-%:i %:.:él'tﬁé 11tervc, l‘fllb:t}fiﬂ. _‘ ;

tenporal |y cBang® lﬁﬁgeﬁﬁé%ﬁﬁi rafd AN BeHLUA «oDRaBB VL ‘&ﬁLi@ dal i ng
energy spect hataiatynol derhopr-1hheirpbg 1ﬁ£br§ehng nhaefpe@t ed. Exanples are
taught, ter exapph Ela’flﬁnB GrrrPad NSV D, ) ARG ‘Eﬂ?lﬁl"dﬁdféi al.) and

us1ng ua L ant 11 enele

T.JS Pat. Nob';@lk ru}:f,@ rfé&sm%@ to ssa m i o 112 ‘@c d

i ncor por at edlhefe&haléayoﬂeélenaaﬁeby Jusﬁdsahghﬂﬁe X Odehnﬂmﬂbﬁlt}t he art
for illum na‘flg)‘il carfpis peet olsj EetaMPTe ey iﬂtlal ‘?J‘illL e’-?;g?i%@ ’fasy to use a
singl e ener gy, SAUfE, sANGER r:&xcrae&aq WLNG ST SREALS, EEhY THRE ener gy of
each bac kseatrhﬁb R—dﬂylepmlélfgﬁhﬁf%ﬁ r2ted 1m,garbmtrg3sud@hae¢t3ed In
this ease, t Iigfqba?i@cm petlcp s C@%ﬁstlm?chéf)%@%;gélw ﬂt"g:n?ﬂ’tlgq n an
energy range ¥R oS CaLE AT SRl oy Wiad ded B e LALensity in an
energy range al drih=dti td oy Siager£nRgegipncident on the objcct becing

inspected. Examples are taught, for example, in U.S. Pat. No.
6,249,567 (to Rothschild, et al.) and U.S. Pat. No. 6,459,764
(to Chalmers, et al.), both ofwhich are incorporated herein by
reference.

A further method known in the art for illuminsting an
inspected object with multiple energies is 1o use a single
energy source, and energy-resolving detectors, whereby the
energy of each backscatter x-ray photon is characterized
when it is detected. In this case, the ratio IR may be defined as
the detected intensity in an energy range with a lower average
energy divided by the intensity in an energy range with a
higher average energy.

In cach of the foregoing scenarios, it can be shown that the
ratio R is a strong function of the distance from the detectors
to the illuminated object and a somewhat weaker function of
the shape of the illuminated object. This is because the energy
olbackscattered x-rays depends strongly on the scatter angle,
whose range in this case is defined by the solid angle of the
detectors relative to the point of scatter. Since the solid angle
is a function of the distance 1D between the detectors and the
scatter point, the ratio IR is also a function of the distance ID.
Moreover, since the detectors are typically offset from the
becam plane by some distance, the amount of overlying matc-
rial within the object that the scattercd radiation must pass
through (from the scatter point to the detectors) also depends
on the distance to the object. This effect is very noticeable in
a flat sheet of steel, for example, where for an incident 225 kWV
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In each of the foregoing scenarios, it can be shown that the ratio R is a
strong function of the distance fromthe detectors to the illum nated

obj ect and a somewhat weaker function or the shape of the illum nated
object. This is because the energy of backsca ttered x-rays depends
strongly on the scatter angle, whose range in this case is defined by the
solid angle ( the detectors relative to the point of scatter. Since the
Sol 1 d angl e AR SN U AT ANCE DERET RN SORE FELSEUORS and the
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X-ray sourcenbezelilm §evar seeelelovercppm’@rbwta eamddh |h‘:gl<¥) lter, has
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scanners opBFALAERGIEA PokbE Ve Ty ST LB eV e <
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bet ween human tissue and expl osi ¥§Sy- 1 OW8yer, if this is to be

acconpl i shed using the techni ques taught by .Annis, the endpoint energy

of the | ower en‘éﬁ saushebeivveryd dw ot g&g” E@QQOCB@I’SF dbel é&s9  naki ng
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qui estion of whether highly scat IIET‘i/n]Q\T(Ith(BNS such as Agai n. materials,
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As used herein, and in any appended clains, the term"placenent- used in
the context of a material within an inspected Object shall refer to the
rel ative distance of that nmaterial froma fiducial reference position such
as the source of theprimary illumnating x-ray beam SLININIA-R V OF

| LLMF3CIM -LN1--1-S C31: -1"1ILL IN V ENT-TI (111-4 I n accordance with
vari ous enbodllrlrents of the present i nvent i on, met hé)(:{srarae.p[;ovi ded for
characteri zi,ligy LEgLOM b‘i‘@ﬂiﬂﬂ A *@%@‘ fqb‘i@ﬁ n@ﬁ,é‘@lﬁ;%i? WL - Z,

scattering B e B2 Ghere. o Amt oth al'ong a conmon
line of sight.a Ii’ltemmmﬁ@dseha\é@es&eQSDm; ctamﬁaclaamemgatﬁhg raagpecired obj ect

wi th penetrati ngerlaldt?ﬂ bon= ervtriceds s tsoired bohan goteridz edsbian ener gy

di stribution; b."“@eYecting penetrasing radiation scaitergd by the. inspected
object in -t NBNNEI,GB0El B)0Gt Anld hé"lmﬂeﬁegﬁi}aﬂ,ga@% ﬁﬁaﬁﬁeatwgun shes
bet ween materi al slgxfuluamgheima:mitm]@ws tséffveééh\tﬁflaettﬂm:ﬁ:mﬁmel’eruﬂﬁer a first
set or condition¥werhetles ateotifengnebgy wWider pbirtorcoP it

pc. netratina radfafPon; Ve 1d‘é§>§§’f*rfpé°p8‘h%t TIFY TRIPRTORsR4t Ve ed by the

. . 13 ting re
i nspect ed obj gt Ll (@cBANE L GeReL AhiNdraasacond deieetsn Shgnuing hat
di stingui shes betwgencwrat ebliadsioh i-ghesr anderavier afskectidvd<atom ¢ nunber

Wader a second sE&tr sfzepndiat Grsivwee vy E‘E%’?&ﬂ%eﬁﬂéﬁgﬁ]ﬂ% Ffbution of

c 1 a t
the penetrating PARATIGH iﬁr Q‘éﬁé‘é‘éﬁ’f‘ g LELEPab S Pdsed on a
function of the I)b[l%ttrzaﬂﬁgt isecand detector signals and

d. generating a dliferentl al image based on a function of the

first and the second detector signals; and

e. determining placement of materials of lower Z and

higher 7. within the single line of sight relative to the
source, based at least on the differential image.

In accordance with other embodiments of the present
invention, scanning the inspected object with penetrating
radiation may entail sequentially scanning the inspected
object with penetrating radiation characterized by a first
energy distribution and a second energy distribution. There
may also be a step of ascertaining relative placement of a
lower-atomic number region with respect to a higher-atomic
number region within an inspected object based at least on
values of respective regions within the differential detector
image, based, optionally, in whole or in part, on segmenta-
tion. The penetrating radiation employed in accordance with
embodiments of the present invention may be x-ray radiation.

In accordance with altermnate embodiments of the present
invention, a syslem may be provided for characterizing
regions within an inspected object. The system has a source of
penetrating radiation for generating a beam of penetrating
radiation and a scanner for scanning the penetrating radiation
across the inspected object. The system also has an energy
discriminating means for distinguishing scattered penetrating
radiation detected under a first set of conditions with respect
to an energy distribution of scattered radiation and a second
set of conditions with respect to an energy distribution of
scattered penetrating radiation. Finally, the system has an
image generator for generating a first image based on a func-
tion of the radiation detected under only one of the first and
second set ol conditions with respect to the energy distribu-
tion and a difference image generator for generating a differ-
ential image based on a function of the radiation detected
during the first set of conditions and the radiation detectced
during the second set of conditions with respect Lo the energy
distribution.

In further embodiments ofthe present invention, the energy
discriminating means may include a first detector character-
ized by a first response distribution as a function of detected
energy and a second detector characterized by a second
response distribution as a function of detected energy. The
source of penetrating radiation may be an Xx-ray tube.

In yvet further embodiments of the present invention, the
first and second detectors may be disposed either on respec-
tive sides of the source of penetrating radiation, or else the
first and second detectors are disposed on each side of the
source of penetrating, radiation.
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e. determ ning placenment of materials of |lower and higher Z. within the
single line of sight relative to the source, based at |east on the
differential inage In ac co ran rice with other enbodi nents of the
present invention, scanning the inspected object with penetrating radiation
may entail secruentially scanning the inspected object with penetrating
radi ati on characterized by a first eneQ%&dlstrlbutlon and a second energy

di stribution. Ther eBta{FHE RF B RS 0F Uscertalrninly’ FEi%ati ve pl acenent

of a |ower-atom,g n&rli;gmh%gu%tmw &L ESRRC; L, A3 bhoken: abamcopumber
region withi Aoy Nspecied>oh) Bet rbasethat beast onIvaluas ofibspect i ve

regions wit hﬁﬁj?h@lmlﬁ eflﬂe‘mll‘a’lﬂlﬁléﬁef%‘fic?n‘a@éheb%t%‘é‘amm‘ﬂ’ﬁh%l‘T]% i n whol e
or in part, BRO§EGMPAYEY an.the. CRASLERL 06 o AL RN HIRLOYEL D
accordance Ws&dieAbodidmnin addonlahde WitBsehb dIveRhLOB L WBY tiesknr ay
radiation. invedmomecordance with alternate enbod |rrents of t he present
nvention, a, sYSEATEABY AR, @*ﬁ@@e@@f’mﬁnﬁz AA RO BTORLH thin an
i nspect ed objieel;. he system has a source of penetrati ng radi ation for
generating a bFéIm?Tl er@t’mh Fgiicaitran %fmiuar s'e‘maqé'r% P@C%@Eﬂhl ng the
penet rating PEFHEITRICALEYSR LA gﬂsﬁ%ﬁ@w S PICSAALEED has an
ener gy di scrtergtr}ﬂuumgnmaaqu @fd G-ahi 2 @SR AgnsT atdesadnpengtrash ng

radi ation de$rerctteldatmdeiefa3<:ftrprstl Isat HB Gbﬂrﬂqtﬁr oﬂs%@h@ﬁé?pema%% an

ener gy di st rERULATE, i sEAEl Pl Fani anEbm A e pal ot iinai  ons
with respectnﬁleltap feHal gMetiebslibbihben-ni-iecatier ed penetrat| ng radiation.
Finally, the sydtem h‘a% andl e e gereratorlly| ﬂege‘ﬂ'eﬁatqrwgﬁa f¢2EEC| mage
based on a fHftITOH_IF" "%’(ﬂ’%ﬁ PO PR ELRT RIS <ORPyISiEer the first

esen _lll

and second set FSE Nélh & QN8 Wt uiee s Pasie {1ﬁﬂ1’£l@reﬁile{sgtylﬁksarbhukLon and a

di fference i eﬂerﬂactmr fsmgl ﬁatfpngsaathefrf erénpilastifmage=abaded on a
function of Pf 6.8 xf@@ ’Qﬂlﬂ fla }Lﬁwe&l ofgonditions and
the radiatioq taejpéled) - nEOAdEhbONS gVl Aheespect to

t he eneny di staitbutiverto orgahis lftamnhep téxﬁo@'dtmémksf Pvibhel predaehte

i nvention, t¥ROSKEPEY HFSTT IFRatT MY FrelmTs “alr ABPudRM I r st det ect or
char act eri zed bypaf AnsizrespogserdpatrdbutbBnEasEOynctEsrrsf  det ect ed
energy and a second det ect or @hatdtEeN2ed by 1e@?Necond response
distribution as a tinetion of detegjgd, gneLgy. The source of -penetrating
radi ati on may be an -x-ray tri be. In yet further enbodi nents of the
present invent Amu>©ﬁenﬁilnstieand11;§ee9ndnd'etﬂe@t%@ ‘b@céﬁ’fg séeieelther on

respect i ve SJTTES g e St S PERGRA R AT R el e 17t

and second detLeCcLPRS AlidLbEposet @iaeaabraide i@ﬁﬂb&&l@fnﬂi}enet rating
radi ation_ BRhEFeDES@RitI3$I1@N17@PIﬂl@ILiTRE€Ster1'Il qhéﬂeoqaégmln@réff?em@r es of

11 th s
the invent i off v FXbERORE P REAE FounteY ST qpd iy, Sefsrence, Lo.tig,f ol | owi ng
detail ed desgf"r@q{lﬁﬂedtﬁ eaowtéiat r ef 8T1eREE:- 1O dhe -agearpanyhhgnhtg- or es,
in which: number’’ characterizing a region of a heterogencous material

comprising multiple elements. The ““effective atomic num-

ber’ is the average atomic number, where the average is of a

type commonly employed in x-ray-matter interactions.

As used in this description and in the appended claims, the

term “‘image’” refers to any multidimensional representation,

whether in tangible or otherwise percepltlible form or other-

wise, whereby a scalar value of some characteristic is asso-

ciated with each of a plurality of locations corresponding to

dimensional coordinates of an objcct in physical space,

though not necessarily mapped one-to-one thereonto.

Examples of such characteristics include the level of a detec-

tor signal or a scalar function of detector signal levels. Addi-

tionally, for example, the graphic display of the spatial distri-

bution of some feature, such as atomic number, 111 One or more

colors constitutes an image. So, also, does an array of num-

bers in a computer memory or heolographic medium. Simi-

larly, ““imaging’ refers to the rendering of a stated physical

characteristic in terms of one or more images.

As used in this description and in the appended claims, the

term ““function® as applied to multiple variables is used in the

broadest mathematical sense, to include linear or nonlinear

combinations of the variables, whether the function is ana-
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PO 1 is a schematic depiction of a nmultiple-energy back-scatter systemin

accordance with enbodi nents of the present invention. FIO 2 is a

fl omchart depicting a scatter imaging process in accordance with certain
enbodi ments of the present invention; 171(3-. 3 is a flowhart
depicting a scatter inmaging process in accordance with other enbodi nents

of the present invention; 100. 4A depicts a regular 1401A eV backscatter

i mge of a tlé@tczghaﬂ‘iﬁfh’i ff% Vi ehoasgadort 1 Gl ey %“@8@5)

SCIt 11 atorAALEST o6 HEa- ol LS UV (L RVER. k0 SBLaihed by

subtracting caaelbas kgtaht@atie 4rnﬁg&eo Itt e emabp bantom acquired w t h a barium
fittoro-chloride &%@Cﬂ)clsewﬁAPmmﬁq@metrlﬂreDOG‘é?l e BRI CassgA

FICS. SA aﬁ"ﬁﬁ@%@ﬁ@tﬁ HET G ol AR A B SERL e A RRT LT

confi gur at i A1SvialuatCeligdai Ceuihtiaarbod fites th 4 Beaps@saninicA¥eat i on.
FTC 6 shows ¢he qultferebnin%hebtmhcittsér‘edlltlohfdll Irtleqeédotiae ko szlat berddet ect or

segnent s for FERLE @,1%1?%@1 S SLHT B BRRCAR S aHAST élﬁféﬁf §fml num

t hi ck steel whmhl%l&e {SralcXefayb ﬁGJﬁSéial@e&BfﬂhéT&gﬂ}u ebifyAackels n
accordance wf I@namnerm@dﬁ}amﬂwdt‘mﬂ rtéls’énlteglﬁvemr] 9nbrsng|1n Ih‘F her

scatter due 3, ﬁ@’ﬁf‘%@ i‘fflﬁ‘? %Eﬁﬁ%ﬁﬁ‘ %ﬁ’gﬁﬁé‘;‘ﬁg deto or gani

threat itens canceal h0 d.he 18 eapPE

EDVI 13001%@1@@%@@ ETJI%ﬁEI\FW@m‘SDe’f dupjiphams obtained by combmmg
the results of sensing using two distinct modalities referenced
to the same imaged space. The combination may be by sub-
traction (rendering a ““pure difference image’”) or by another
form of linear combination, or, otherwise, by non-linear com-
bination, or by combination of any sort of values associated,
respectively, with each sensing modality. Thus, for example,
a look-up table may be used to generate a difference image
based on a first value associated with a particular pixel, or
region of pixels, as sensed using a first modality., and a second
value associated with the a cormrresponding pixel, or region of
pixels, as sensed using a second modality.

While the description provided herein refers to ““backscat-
ter”” alone, as a matter of heuristic convenience, it is to be
understood that the apparatus and techniques described
herein may be practiced with scatter directed in directions
other than backward with respect to the propagation direction
of an incident beam of penetrating, radiation. Use ofthe appa-
ratus and techniques described herein with respect to scattexr
in any direction whatsoever is within the scope of the present
invention and any claims appended hereto.

Energy distributions of penctrating radiation may be
denoted herein, as a matter of notational convenience, by
reciting their terminal emitted energy (often called the ““end-
point” energy). Thus, for example, an x-ray tube emitting
Bremsstrahlung radiation due to electrons accelerated
through a potential of 100 kV, will emit x-rays of encrgy less
than 100 keV, and the spectrum of emitted radiation may be
characterized, herein, as a <100 keV beam,”” and an image of
detected radiation scattered from that beam may be referred to
herein as a <100 keV scatter image.””

Description of Embodiments

While, as a matter of convenience, embodiments of the
present invention may be described herein in terms ol energy
resolution following interaction ot penetrating radiation with
the inspected object (i.e.. using detectors with differential
energy sensitivity or detectors with energy resolution), itis to
be understood that varying the energy spectrum of the inci-
dent beam, either by varying the spectrum of a single source
(for example, by changing the end point energy, or the beam
filtration, or otherwisc), or by cmploying multiple sources, is
equally within the scope of the present invention.

A system in accordance with embodiments of the present
invention is now described with reterence to FIG. 1. A mul-
tiple-energy backscatter system, designated generally by
numeral 100, is employed to characterize an inspected item
110, which may be vehicle, for example, or may be an item of
cargo, etc. A source 102 of penetrating radiation such as an
x-ray tube emits penctrating radiation formed into abeaim 106
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As used in this description, and in any appended cl ains, the terns "high-2"
and "l owZ" shall have connotations relative to each other, which is to say
that "high-2" refers to a mate-Hal, or to a line of sight, characterized by
an effective atom c nunber Z. that is higher -than a material O |ine of
sight referred to, in the salt. e context, as "l owZ". For heuristic
conveni ence, "Z.", unless otherw se specified or required by context, shall
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descripti on & i IS iR aREEndet v eLAlRS e EES W MRR AR e el iR any
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combi nat | ons” B e VA LA RA.S IR RE T SR LORTSCH volyt cal - or
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generate a d:.r]flf SOr ﬁﬁﬁl we;r < bﬁt%tl‘ll 1eé1/11é o lﬁlﬁ‘qw&ﬁ a
particul ar pikeh gl ihegion & v,.QhX@ro& 1236 5@ A5 RHeUST NghiBatbd Sibjmodal i ty,
and a secondhyd|ne lagdoet-at edenwstimsg heawrts@?lr espondi nﬁ xel, or regi on of
L ral-enepg
pl xel S, as Sﬁﬂgﬁj rglﬁgé ]%%eaﬁ@aﬁﬁ@ 11-1 accord'lnce \?';1 @1 Icﬁfl on
provi ded hergidhdateise e SeaLi@bn, AIQNG,s RSd GBLLSE Af nhAULi Stic
conveni ence,ript qls'b‘sdﬂ‘bell@mdens{m@duhha@n@he \afgpaleatleg “CHinidttebhine - pi es
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emtting 13rerrisstral alung radiation due to c-lectrons accel erated through
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the spectrumof emtted radiation nay be characterized, herein, as a "100
ke- N7 beam " and an i mage of detected radiation scattered :fi-orta that
bearn may be referred to herein as a "100 ku-V- scatter inmage?’




Qescri ption of' DOCHven( s While, as a matter of conveni ence,

enbodi nents of the present invention nay be described herein in terns of
energy resolution following interact ion o |- penetrating radiation with
the inspected object (i.e., using detect ors with differential energy
sensitivity or detectors with energy resolution), it is -to be -understood
that varying the energy spectrun1of the incident bc- arta elther by varying
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herein, as "h¢ m@nergy backscatter " Mt Lati s nuttandl S, a
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materials 113 will tend to reduce the i'ntensity of the backscatter com ng
fromthe il harninated Object 112, while leaving die value of It relatively
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overlying material. : Because of this |ast effect, dual-energy

backscatter (or nniltiple-energy backscatter), in accordance with
enbodi ments of the present invention, allows some degree of material c la



For nost practical inspection applications, where materials of interest are
conceal ed within sone kind of outer enclosure 110 (for exanple, a suitcase
or the side of a vehicle), the -uncertainty hitherto discussed |largely

rul es out the possibility of using dual energy (or naval - energy)
backscatter analysis for material identification. The exceptions worpld be
if bare explosives were used in an inprovised explosive device (TFT)),
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the present invention, a distinction can be made between bright parts of
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Once the ratio of the | owenergy to high-energy scatter signal Has been
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made ter evesistpixelt mputheikaegetord exaninial. ssyOtdits piyskbdréay cuehi cl e
| nspect i on, RodivEe he 1ag THPEUsEEY TET MMPGREmEREUELT<E ent (o
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t he end- poi npagN8rF i;itaag WbRg: b élibaagm%iﬁercﬁ Eeiﬂﬁa&gﬁt'&n relying
on the diffexrenti gbvener gYnsens ithpwileteqprs hesest at teebadepec florsro-
Doronst rat 1 ot Bl AL Fobe i AUCBH A, JHE ey 00 HE TS0 Phe
INVENti 0N 15iRGEM cshy ARA HRLELERbES Basash A Ual I NBdy baaksaaht er
i mgi ng testbaushag k-siaglae 2N e k-Thy BT He@ecl@Riantherafpasr of
det eot or s 123 p  FRA Faba GG SRy o ST BRI LGRS One of
the detect or§igisad fos s@aR@k f-BBn GhRLakhhE en 4 1 1Seia! 1] albenadeiact or,
whi ch has a terdgbiforh¢ BFfadieunsatr Sthibite rellatiVhty dJevondsdeteist or used a
gadol i ni um oﬂg?%j}’fiﬁ’@FO@%}e%I(?ﬁaf’PI‘?a]?Jo?rl? PRt REegREsI SRt Ravi ng a

k-edge at 50.2-1Kes Wi fbhenSEC H8H86L0I0#1S 1" ct REIEERNE @1cBDH@SANS} bieve t br
detecting | onescenedgy Kicays4rhamd &3 gRAGH i wram adetteckelM, btawsdk-exhi bits

rel atively hfONer” 4@t foglsiy EL%I?EQ?T S T 7 “bﬁéﬁc“ﬁﬁeri al's
anormalize erenia b catler immagy IS = Of the

than the COSAIETECHOMsciit] erhbesi i detachor ueXhibibt sidelatively | over

si gnal s t hanwdieh@es detleat orgdnsnmrdzignd 402t onilee dufifeenretabkiec)

mat eri al s (F1G. 43) appear dark (unlike the regular backscatter images,

’ where they appear as bright regions 404). This implies that
high-7 regions 412 will appear brighter in the difference
image (IT1IG. 413), as the BIYC signal is smaller than the GOS
signal for thesc regions. Areas of unconcecaled plastic and
steel appear dark and bright, respectively, in the difference
image. However, sugar packages 422 in the lower right hand
corner remain bright in the difference image because they are
concealed behind a thin steel sheet.

FIGS. 4A and 4B, thus, illustrate both applications of
energy-specific backscatter described herein. Unconcealed
materials are either bright 412 (indicative of high-Z material)
or dark 402 (indicative of low-2Z2) in the difference image
(F1G. a43). depending on their atomic number. Howcoever,
organic materials concealed behind steel (e.g., the packages
ol sugar 422 in the lower right hand cormer of FIG. 4.A) also
appear bright in the difference image (F1IG. 4B), in accor-
dance with the second application of energy-specific back-
scatter described herein. Comparison of FIGS. 4 A and 48, for
example., allows for determination as to whether organic
materials that appear relatively bright in the regular backscat-
ter image are behind (bright in both images), or in fromt of

9 (o]



The differential response of | 3FC to 00S detecti on nay be observed in ElICS.
4. A, and 45. FTC-. 4A is a 140 keNT back-scatter inage acquired with a 00S
detector, while FIC . 413 is normal i zed di fference backscatter inage
(Cl-0s-DEC) of the identical scene. The signals fromthe two detectors are
wei ghted so that organic regions 402 in the difference inmage (F10. 413)
appear dark (-unlike the regul ar backscatter inages, where they appear as
bri ght regi ¢hsiglauie TIR}- s“f*n i tarly Hafﬁ%g@g‘é OIS B9 Wi eh-dppear

e syhy aC Y qi (S ¢ X atl
ori ght er 1 LRERELT BFARRR s ALAEa T e 46 THe, 13EG Sk gnARd s smal | er
than the G -a@»@hgﬂﬁzle fr0th¢ hesebiegiionsSot AleadcGiatuacDncesd e-ﬁicnh'ikstl c and

st eel appear“‘% R 2 L%WZL‘@%?F"@%‘EL oAt SdrfPer once !
| owever, sugaf PAcKaOdRSe a4 e LAkt T ﬂbﬁﬁ{@@ﬁn@p&n@n é’f T ain
bright in theudd Hatencen FEGES . Fesause SHeyoaree amea{@dubﬁhmd}a thin

steel sheet 1)is “?%’cg ?S’O‘éleAheamH“ﬁfo’éﬁfhﬁg’agﬁ u’sﬂ‘atﬂ’é‘tﬂb?ﬂ“agﬁﬁ cati ons

of ener gy- sg&G FEETALRELAPGEY ﬁ‘éséf hios T i QatEal e maber i al s are

ei ther bri ghbwhbhddepdittatdseantodr ihgh- 4 satenbabhcscdalk 482=(igrdi cative
of low2Z.) P4 h‘ettﬁ% hlema élsgvﬁﬁrc‘aaf . BetreiupER e srisat omi
urber 11 ol S G FBLE CAr m&ﬁg@é&ﬂ TR R) SAL LB s e
packages of wugae 42@duobheniowsn dhgiieshand ueermeer at>rRk Q2 val SO
appear bri gh"c*rflfﬁ SlGth‘idfl Weo}@ﬁcfeor e éiﬁi‘elr%l 2 Phnatleh 'aﬁ'c@lw th the
second appl iGALLE of N TR ShetL bt da mc BT e ein.
Conpari son cn;facliél'sﬁ- e14An 45, for exanple, al ovvs for det erm nation as

to whether qr n@éhﬁ*a?’e‘?}’&?ﬁﬂtlﬁacﬂe a?gﬁ@arwmeﬁiaﬂrvmoyl B%lrﬁgm lmFtIFﬁa regul ar

backscat t er i, Redé,aks BENREIIT0E Tl RotRS Cedid B & ﬁfc of

(bright, in NererchA @nd tdasKadBvhilg of ssflﬁebp eﬁea&daeh g nrrat erial.
Thus, the pl(aee?riEWtctbflla’ PeirZ saraterd aFOFr?>?“E?’at]POFﬂ1‘FG’1’a'Hﬁ GETZ—@ mat eri al

i s non- Comﬂﬁldfﬁ\teﬁlﬁi%ﬁf@ih@iﬁ’@i ‘@ﬁﬁﬁ?ﬁ@ﬁ% JeReL REFARBIHEL on cil 7a

backscatt er somgeaus U6 HiQteddanadtac eaemﬁb Maged saokeatneFTC. 4F3.
O her errbodlrﬁgm R o lluh‘?e |€nvehitl?dﬁrgﬁt§;he ﬂlrll?eéﬂlwmb? réj"er%nce to
FICS. 5. A ¥ {ﬁ gjg’%ugjﬂgdét@apgﬁ{ 1 1 5}91 i%ﬁﬁ Jﬁﬁ;ﬁb allg SA. and

5T3, source1ﬁgﬁe(rshcwmjdd1 F1411° 1) 1s’ ocat ed, above the pI ane of the
page, such t hat Mmr&%qﬁeﬂ??e?e@rngél?aesqggg” i Ci-SBAIn g
backscat t er (i} m@“@&w@g Ifélf‘f LA, mfi% IS e
responsi ve tonhiaweeagtigyrackseatid aihihan musecnadiciancks catdtreroget ect or 504
to the ri ghtu;ml <tfhects- paytisoafe eerilg@tl‘meé xaprts ohflvlkinss sotlg thse two 13FC
dotect ors, WIS TREEL U WEEEREl SUE VTG A TUSHE L Liefoat koo whi ch
t he scatt er edeXplaysc ey SktPaFSvhediie et otk elupl cAlmehoiGes for the
filter for ategdb At diﬁtgl sbuy te gg‘mqﬂ gerg %»wpnarjvﬁpeielﬁm of) 2 mn
thick tin, GFLE 73 M3 Qfﬁ%ﬁ@g TN LA R LD St ered to
filtered. detestarioSrFgaalé. casah Q)eUSeérlttﬂhzﬁha&f alﬁf&lidﬁfo&‘aﬁﬁz)VEe in the
backscatter 11=h 1, Pv;eﬁ 1deﬂglf€|1ma}bo¢0r¢¢e;mtfém$g%eﬂﬂ ur {Zﬁlvn shown in
FIC. SA | EARRE. UASIREA SR R dUEt] a8 AL i, L

i nci dent on dbeedinanb: dd e afrabnE T ddateetoy, oG ﬂnﬁeequhbe td.jefferent
due to ShadGWtﬁg: gagb?gﬁptywmqfeeiltlyl|l?ﬂ<tm651ﬁt enebde obj gzﬂe?l)atmo bei ng
scanned. Fol 8 altlFi . the béﬁiﬁﬁ?rg&mﬁﬁh@ ol ARt R LS T he |
scattered X-tays-Jd@irAt-rpassol 8F oughuddy ﬂexﬁ\iﬂl’tbyllﬂg bmateer)baﬂy boareach the
| eft (unfil teded) edestector 502 than t he “ﬁ&; fl|'{§l’ed det ector. 504. This
noul d cause e AL R CH A AL el oler, STHAR L JO0RE GG se have,
possi bl y residddfgs Wilh hes Arehic kg Oy echikiildabiel flga akt.oneopdak as signed
to bei ng beh=mthtirnst ead eroqirﬁﬁmmnb efetimgegtdee] thi gherapgbjtbet 114

A preferredifEett 2t 0P GG at 6T 8 s Aswie Tie ke, IST3PRiPTRfls
configuration, Q&Jb Eichhepre: Bldsanthnbi@hadohl2 gl elcot Snase

posi ti oned M‘lEPIPiheld 18?%)@#1qlh@%wayllseurl@emll@le shhier greatdler-r educes
the | mpact qay, SHAUVIRE 0 RO URAU LG RETRRLS, Y dy CHE ALACHENt | oned
ef fects i nfkitances Qathoclaerf,i stueg andislf rdtened Lgctmnnﬁ ‘anent s

equal | y. re§uishatengp o Heeeacardlyede gt df grermmepd Rva gdamy- Thleum nat i ng
plast ¢ tar QLR B IHVLIb L. CR R DN LRPEAT T b eilEcdl st ances
of | to 7 feet - The d&tectors cdnsisted of I3FC2. in the conflguratol on
shown in FTC_ 5173, with O. 75 mm t hi ckt copper CMthe filtered detector

el enents. The results are shown in Fle. 6. It can be seen that if a
threshold of R-2.75 is lased, pixels in the inmage corresponding to scatter
fromplastic in front of the steel can be separated from scatter coining
fromthe bare steel, or fromorganic material conceal ed behind the steel.
This confirms, for exanple-, that the detector gecanetry depicted in FTC.
5. S enabl e an operator assist algorithm based on segnentation, as

previ ously described, to sort bright regions in the inmage as being from



0 be nerely exenplary and thatinerons variations and nodi- ications wll
be apparent to those skilled in the art. Al such variations and

nodi fications are intended -to be within the scope of the present invention
as defined in the appended Wher e exanpl es presented herein involve
specific conmbi nati ons of nethod acts O systemelenents, it should be
understood that those acts and those el enents nay be conbined in other ways
to acconplish the sanme objective of x-ray inspection. Additionally, single
devi ce feat wigsarayt thahceguiskelrtedt 81 ahesepardlebyucheentedichemands of a

cl ai m The enbedliffemttsons dte immvedEidonodéstnvbddnhehei acape it 8mded to be
mer el y exenpirasgntvgnicattionsasaddtindd incary e o fidpelaigpparent to those
skilled in the art. Al such variations and nodifications are intended to
be within the scope of the present invention as defined in any appended

claims. What is clained is 1. A nethod for characterizing regions
within an inspected object wherein at | east one of a lower-Z scattering
material and a higher-Z scattering naterial lies along a single |line of

sight, the nmethod conprising: a. scanning the inspected object with
penetrating radiation emtted by a source characterized by an energy
distribution; b. detecting penetrating radiation scattered by the

i nspected, object in a manner generating a first detector signal that

di stingui shes between materials of higher and | ower effective atom c nunber
under a first set of conditions with respect to the energy distribution of
the penetrating radiation,;



c. detecting penetrating radiation scattered by the inspected object in a
manner generating a second detector signal that distinguishes between
materials of higher and | ower effective atom ¢ nunber under a second set of
conditions with respect to the energy distribution of the penetrating ,
radi ation; d. generating a differential imge based on a function of the
first and the second detector signals; and e. determning placement of
materi al s of | ¥WbatZsaddimiahes: Z within a si ngle line of sight relative to
t he source, bated atellsad tfoochdractefizengmeigabnismagdhin aninspegeediod in
accordance whiedl silerbinwheleast eoanai g loheesi-s peattedindjreatemial h

penet r at i ng daadizahigheeHaraetteeringd niyteatia ke hesgyl di g tar shuyglecohneoopr i ses
sequent i al | wigtandhagnidiRodnspacpeding; ect with penetrating radiation
characteri zed hys@ahhiSg tbeehigpatitety dbjddowithgheh esangd entizgion

di stribution. efnitfedBNatdiircACEBhEAGER ¥eH b ¢ hal Shdrgdy dibaiipu2, further
conprising a stepdf; ascertaining relative placement of a |ower-Z region
with respect tg adu@beird NRMSRaWdd a8t Peechedabi €6 &f based at

| east on val ues ﬁfxs ééf&ﬁdﬁf%c"t%ﬂ'é’@ﬁqﬁw @ehB?aHhUQVfﬁfot' td1BYE. 4.
A method in accog qqptmtt@lsqi msh@gbe @b@aﬁngﬁfeﬁzﬁb%ﬂﬁ%@ﬁa&m{& r egi ons
are defined, in Vs Brdcivethy 0 BrkPlet of coR= A Method
in accordance wi Hag t QES gﬁg t AesRaneL LAt Ig9ghadi ation

IS X-ray radlatlgg etratl @l or charac rirzing regions within an
i nspect ed obj ect, aBosource of Hengtralﬂllgg

%l,y{l ené]g% { b4
radiation for gener aFI pe(hg%bl?ect 111%; Blélet %tll rrll%ra%lng a sec’ond detec-

tor 51011a1 that distinguishes between materials of higher
and lower effective atomic number under a second set of
conditions with respect to the energy distribution of the
penetrating radiation;

d. generating a differential image based on a function of'the

first and the second detector signals; and

e. determining placement of materials of lower Z and

higher Z within a single line of sight relative to the
source, based at least on the differential image.

2. A method in accordance with claim 1, wherein scanning
the inspected object with penetrating radiation characterized
by an energy distribution comprises sequentially scanning the
inspected object with penetrating radiation characterized by a
first energy distribution and a second energy distribution.

3. A method in accordance with claim 1 or claim 2, further
comprising a step of ascertaining relative placement of a
lower-Z. region with respect to a higher-Z region within the
inspected object based at least on values of respective regions
within the differential image.

4. A method in accordance with claim 1 or claim 2, wherein
respective regions are defined, in whole or in part, based upon
segmentation.



b. a scanner for scanning the penetrating radi ati on across the inspected
object; c. an energy discrimnating neans for distinguishing scattered
penetrating radi ati on detected under a first set of conditions with respect
to an energy distribution of scattered penetrating radiation and under a
second set of conditions with respect to an energy distribution of
" scattered penetrating radiation; d. an inage generator for generating a
first inmage basSed\ nectlmdimeaticordahceheitiadiznhi drodeladnt 2dwingerinonl y one
of the first #ndpeecandtiagt raaliacondiis konsywhtkhatiespect to the energy
distribution; @nd\ s§st@nfrds @hﬁi‘ﬁ@té_r‘i@ﬂ@f 9@%%1@4 WithQh agengiidiea a
di fferential objBLE tPasefkidMmadipidiny:0f the radiation detected under the
e oot o Ohi CRTALLLALS FASCADR AL B RUEFLEt RISl s bas aggond set of
conditions with reesﬁ)ee&%ﬁl Eb(?ia?ﬁ?l% y di stTi but Fon. > A sys]t emin
accordance with &arm \ %er el n the ener di scrim ngti ng nmeans conpri ses
a. a first det BcfoPSRAEFY ér?%ﬂ“ﬁbg l?i}?%l}e?ély}},%gg tﬁ%‘?ﬁliﬂﬁfﬂs&n as a
function of det edPEIPSRELFINIGE a second detector characterized by a
second responsé- dinseneray iBacHsnIndunetingasf feredetieguadungyscat- 8 A
system i n accor dadnted wenetghting 6adigierni detasdedoumder ¢f fizaheet axti ng
radi ation i s an xongitiepewith regpeat &y sepmnergacisirdanvengt scat-ai m 7,
wherein the firstend Beretatus eadbprtiosy angl spuderd apperesgesei W si des of
the source of pesemrditions vadhaespact to amenerey gisanbpHosacebseditce with
clai m 7, wher ei nteped fiengtrapgsseediddiere: ect ors are di sposed on each side
of the source df apenatpatgageradirdiorgienerating a first image based on

a function of the radiation detected under only one of'the

first and second set of conditions with respect to the

energy distribution; and

e. a difference image generator for generating a differential
image based on a function of the radiation detected
under the first set of conditions and the radiation
detected under the second set of conditions with respect
to the energy distribution.

7. A system in accordance with claim 6, wherein the energy
discriminating means comprises
a. a first detector characterized by a first response distribu-
tion as a function of detected energy and
b. a second detector characterized by a second response
distribution as a function of detected energy.
8. A system in accordance with claim 6, wherein the source
of penetrating radiation is an x-ray tube.

9. A system in accordance with claim 7, wherein the first
and second detectors are disposed on respective sides of the
source of penetrating radiation.

10. A system in accordance with claim 7, wherein the first
and second detectors are disposed on each side of the source
of penetrating radiation.
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