10

15

20

25

METHOD FOR | NSPECTI NG OBJECT USI NG MULTI - ENERGY

RADI ATI ONS AND APPARATUS THERECOF 5 FI ELD OF THE

| NVENTI ON The present inve m s to a nethod
for inspecting a | arge obj ’m,ﬁ‘mwm ﬂm lti-energy
radi ati ons and an apparatus thepeef, nore
specifically, to a nethod capable of identifying and

such ME P FBIR NP B oblur GRS BT PR oY
tlgernélogl. - en%&%ﬁﬁgﬁg%—ﬁédﬁ\\EEW$he commnlal;uased

exi sting cargo inspection system which enploys

radi ography technol ogy, generally causes a single

energy radiations tBIEB GTeEatNVRNTHOMNe i nspect ed

obj ect, detects the radiations which have interacted

wi t RNEHRYESRBhdvasdioghelates iha Wﬁé’?PQ)B@%\iWG&Han%défge object
ystem abl e of refl [ e _chan i.n

B REHER FieERRE 20 ahBorsiCp LRt wireapecifically, to a

rﬁ@fﬁ%\ﬂercadébléa%ft |&é’fﬁﬂ ingy 4%d efrhé?ﬁlg! r}ptah;'erlaﬂgl ¢t a lfarge or

I's well Known that -rays wt i fferent energ

meﬁfleh‘&slzeﬁeb@ﬁ:éctwéd@h ae aarc?dojcﬁcmr thryo edwtdiasts, by utilizing

physical reaction is related to the materi al attribute

roflti-ensrgyhpeicing Mdiation Andiant appaatumtheseoken X-rays

and the sane material varies wth the energy change

of X-rays. The probabi ity with which photoemn ssion,

Conmpt on and el egty, e r
predom nat e res%A UN%H) 41 y spectra.

TheThBr €8mRIBAYY aile L EXREHS. éblfg% Wdéﬂtl%hes%%ewewh?& employs
atom c nunber of the material.” The specif

radiogragity otechabhigypngérmgrakigt caeses- aasmgwde@@ng%tradsatlons to
expressed by Equation (1): In(lt) . (1) O where
'rﬂteﬁathé@'ﬂéé@]!thW&é%d phieskribatectst ﬂeh'@ddi!ijcé@t wh_rmnh\ave interacted

vt ﬁ%g'?‘téﬁsg 9 L%E: Cui Séfk%%@‘%gtﬁbohgfg &P&b a system is

capable of reflecting the change in shape and mass thickness of the inspected

object. However, it can’t identify materials in the object.

It is well known that when X-rays with different energy levels interact with
an object, the resultant physical reaction is related to the material attribute of
the object. Thus, the interaction between X-rays and the same material varies
with the energy change of X-rays. The probability with which photoemission,
Compton and electron pair effects would occur predominate respectively in
different energy spectra. The three physical effects also correlate to the
atomic number of the material.

The specific interaction relationship between X-rays and object is

expressed by Equation (1):

/um’m = _ln(L) o ( 1 )
]0

where ¢, represents mass thickness of the object, 4, represents equivalent
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to materials of the object and radiation energy, |
represents the intensity value of X-rays having

certain energy after interacting with the object under

i nspection, and lo represents the intensity val ue of

the X-rays having certain 5 energy before interacting

WREH atﬂe@uebp@mo igientsobthvs euergmapecun@mrf@s@@cays/end is related

fI th dth t hi
t'af”mfa HSpelte Cairel o6 &La?pn&?]eg%ﬁz EehiapeafBaahpnsity value

' ?1@} gnmee% H\t/éemg?hgr | S p035| %q,@t Iﬁg’gt@%\”c{%ﬁ%a under
@5@@@% i dnd W?épréﬁeﬁt%sﬂ’\%' Rtk iRhysiueads fheeaXtr'ag@ W&Rfng certain

occurred 10 between X-rays having different enérgy
éreargy bedored inkeractn@withl theyolettecting the resul tant
X-rays after X-rays interacts with the object, and
t heHé%;Pde%tSeﬁhﬁi fhEhge&n@@twatlréfﬂu%nce&tftr@mtibeemafertah@nd the mass

BRRERS (L d0F IR ehed TR AT ST S sLanesRy Trom e other
if B?B}:E&n Nihel r?acﬁﬁf’deveﬁgw%bé@ﬁweq% e{?herraylsH%fek}eFVWIS possible to

ren energy 5 energi'es o

obtainy 3hélSpbbabiliyiCthad §M55§éﬁcﬁét@dn%y§i¢faf | @ia@fibnt Ras occurred
penetrate through itens of |arge masSs thickness at

ttiveeand-rapsihavng diffgreabenhergy levedp@ndctid endterial by detecting

exam ning | arge or nedi umsized objects, such as
thenfesutians Xar@asaaftebo%travsneméerast,ﬁ/e«m frearadjefo, and thereby

ek ini B8 Cugerehatigigenshntehatsco iaysrieksied luggage
M‘%{S&:t fgﬁt?m th é}%flclaﬁgﬁ fSr HeLmisRERall & 6@889{%&& inspection

terfal attribute o arge-si zed obje

isuehlized tat a8 ME-9§ESwWih thaﬂ‘féﬁehﬁ)én%@w q@@elgnwvmer the
correspondi ng groups of detector arrays are provid

ETIREJ e O KX~ ag'ysmmlednes spcbva deystem Ere ayot beficienti toh penetrate
ﬁlff rent en | evel s, where one of the ener

et Qh B 99 SMeRAn i esh et . alkopndx i SMisopgproach is
1 MV
%Pé'“%tbﬁ@e?%%ﬁhﬁé% e r RN e19ke SRl ; 4] @Y Gontainers

Rt BiF BbARRndyg. | ooKi ng up a pre-created | ook-up table
based on the ratio between the two detection results.

DueSevetaheygarsblagos RatendnDbexment ULt WS, 5S52de1E3)V@roposed a
cost, etc. caused by two sets of X-ray nachi nes and

te«:\hﬁlgabﬁpgcemt thatebvorhighrengsgy Xoayhbeamst with Hifterenot energy
Ieveg z;l\rnedgéé/d %gprlelcggmszlent % ;ntaterslaldattrrfl!)l?tséegf IIanrgc%:‘gsglg’ed objects. In
such a system, two sets of fixed X-ray sources and two corresponding groups
of detector arrays are provided. The two X-ray machines provide two X-ray
beams with different energy levels, where one of the energy levels is higher
than the other. For example, one of the energy levels is 5 MeV and the other
is 1 MeV. Then, the average atomic number of the material is determined by
looking up a pre-created look-up table based on the ratio between the two
detection results. Due to the problems of complex structure, expensive cost,
etc. caused by two sets of X-ray machines and two groups of detector arrays,

this method has not been widely applied since it is disclosed in 1993.
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2 In order to overcone the problens of conplex

structure, expensive cost, etc., Patent Docunent 2

(WO 00/ 437600) and Patent Document 3 (US 6, 069, 936)
proposed to obtain two X-ray beans by nodul ating the

X-ray beans generated from one accel erator through a

fi | treprdedoiohodrcoaehttiec arotdemsnefeqample stauatute, expensive cost,

eié’eePEt iP%Eﬂn@E{tZEt i Wézﬁe&%ﬁqﬂféﬁp?‘&wmem 3 (US

t
E085 e Woral N gt iy XY oAt PETTRB0BRCthe Xy
tflﬁirﬁ@%@%@'ﬁte%’ Fdth HRY Cadddldtatsk @'hlfofu%heﬁcﬁltérn BH® of technical
energy spectra, thereby restricting the scope for an

carceptd ef Patent Bocuohemt if bodtPatent Tbhdmhemt 3 Rreutsense 4 single
(WD 2004/ 030162 A2) proposed an #proach of aobtaining
adi@&!erét%tgw@taIma&sfaw@@ms)hawng@ erregwtm\e@uaws Hawever, the

S W L LR B T o o
Y T M .
thérellyl lelsZaslinigithded Rfple foh@ noéli&ﬁétect‘ﬁﬁié"ld"l liEn it oA,

(high atom c nunber) materials. In Patent Docunent 5,

a sPatergt Doalmiemhc4 | @O 2004X030,162aAQ) aptdposstobd asproach of
adj usted based on the sel ected standard vari ance for
O@éwamg ﬂgals%wgm an@ys aﬁaeaﬁu&rawmgawavmwn& It demonstrates
war.ni n m c nu

tlﬂcl-:‘ é«ﬁ%ﬁ,l'{h A 88&]@3@9 5?)0 eagbs NV\F%E% energy Ft\)/els By means
oéi%o% 8[@6%56@@,%qo,rret hods are the nmaterial -identifying
y

use of radiations having two different

enepgientepetemend SO Rbe5/08aBeRMARRLI9R05ESs NREE dhigh and
to whether the object is suspect by conputing from

duat-edergy nethodeisutibzeh to hdeteab toie fdljeentortadmigy high -Z (high
| evels. I n Patent Document 1 and Patent Docunent

AV BHMPER: MAehials sy Patqm@wraewaﬁn@rstaifstwfabfurmon is given,

U orb 00! Bl L BB e e o
b‘MﬁH"ﬁé seRsitR) efld 59&5@'0?%%’39!4%:0 rnl'ﬁ'@t@frt'hél high-Z material

However, because of the mtation of theen
whosel &oﬁlcm%WIQWIgIb@aﬂhTQn@ﬂr@Gt%Hm det ect | on

errors, the chance is very high that a

All of the above-mentioned methods are the material- -identifying method
by use of radiations having two different energy levels, in which the
determination is made as to whether the object is suspect by computing from
the detection results on the two different energy levels. In Patent Document 1
and Patent Document 5, the computation is performed in a manner of, for
example, looking up a look-up table based on the ratio between the two
detection results, so as to determine whether the object contains suspicious
material. However, because of the limitation of the energy levels of two X-ray
beams and existing detection errors, the chance is very high that a

misjudgment occurs in this method when the object to be detected is seriously

intermixed, or when the object has a small mass thickness. According to the
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m sj udgnent occurs in this nmethod when the object to

be detected is seriously 30 interm xed, or when the

obj ect has a small mass thickness. According to the 3
judgi ng nmethod using the rati o between two detected

val ues, the sanme function formis unable to

jddgngngoetblodt eingetteet eadiov dehesen divid edestﬁctBCbe/taNm the same
dlfferent materials, and neanwhile, there exist

fypstiamifein ys uRable f distinggish B‘@t %‘&? oA wpg@énglﬁerence between

SR 0 W B, Mk, R St et e
@We'nablffeﬁ‘eﬁﬁ mhPeWBiC Rré et ‘§Qm%neﬁ9|¥ WilEY&AS t6r§n inaccurate

sensitive is limted, it is inpossible to accurately

deteotior yebtait.hMbheovdrpmra:edthlel glateriaatamigeaios whicH thee two energy
sanme tinme. SUWARY OF THE | NVENTION 10 In view of the
lawelscare: Rengitive datlinitednit D iMpassiiméo anguodielcidesttify both the
t he e |nvent|on|sto rovide a nethod for
'PWS?JE%IQ%EJB?@&" Lél H’@ S3MIftiMener gy radi ations, and

an apparatus thereof, in which radiation beans wth

various energy levels are utilized to interact with

the object, and tkeMMARY IOH $HECINVENTEON t IS used

to performa curvé T1tting conputation and anal ysi s,

15 trheiebyofrtaal akzovey thieepredent iifiverdidrowasodonie f Aer ebject of the
materials in a wide range and further the

Fﬁ@ﬁeﬂbsmr’@@t@WeIS nt@peFUPV@ﬁ ¢h medhed Mcdﬁ%@@@}”lgo ehject using

Blegﬁ%r%&eléCf%@r\éﬁn g‘@t glﬁ%rﬁéﬂ%ﬁﬁ%%\%ﬁﬁﬁ|$ ra8|at|on beams

\XIIW'VthBQ%n%Qggdé\félggré %n?&?ﬁé {actc\ﬁﬁﬁ"tﬁg objject and then the

nmul t'1-ene ons to Int

.n@dgemm@ﬁm iP0se@ Qo GRIrRSH agcu'we ﬂtﬁﬁ@r&inﬁk&nﬁﬁbﬁcédcpﬁnalysus
val ues after an interaction between the nulti-energy

thack st remlszmmohet e rdification fadeifféresperatednls in a wide range and
substituting portion of the detection values into a

fHFtE@ém_fr Wﬂ@@sé’é‘lcﬁ'kﬁ? MSRACUODRA i1BMSt 0 obt ai n

i nformati on conpri sing FI‘I mary material attribute; and
det AEaPHding to an Repechat e anventian, Bhees inprevidedhs gaethod for

|g%%§c8&19géﬁgoﬁjgpfé§8rgg1%ﬂgtérgenr%p{zyql t c#q%{qog}f?rlsmg the steps of:
<ﬁ1 ?rt?ull/llerié"@ymt Id‘i)étm'ﬂs' ﬂt‘ér%&eﬁntﬁogﬂréﬁjgﬁt "WRRr inspection;

ess in on he 0
detecting and recording detection values after an interaction between the

multi-energy radiations and the object under inspection; substituting a portion
of the detection values into a predetermined calibration function to obtain
information comprising primary material attribute; and determining further
material attributes of the object by applying a set of functions suitable for a
energy band corresponding to the information.

Preferably, the information further comprises mass thickness information

of the object.
Preferably, the calibration function is a fitting function of the detection

values obtained after the radiations having different energy levels interact with

a known material.
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Preferably, the calibration functionis a fitting

function of the detection values obtained after the

radi ati ons having different energy | evels interact

with 30 a known naterial. 4 Preferably, the nunber of

radi ation beans which have different energy Ievels

and Psgferaklyd themumben af rediatieal bearasiwhichuhmeye dliffergat energy

P51 R o thireqf&’%F@%ﬁbbﬁguﬁab%?ﬂ%ﬁinﬁér%_acﬁrﬂe with the
RS RmaREL HE el PR FRRR Rt SIS jafofs having

difetdnteadigy QB iused R iheaattindnvaeh dhéfRBHaISNBT @Y% object
| evel s or energy spectra. Preferably, each detection

wedaransiectioned after the interaction with the object
Is the transm ssion intensity obtained after the
r adP5efespRlypdnet Muttbeh gy £ompsjsest at peastethieey diffefent energy
I?ﬁélgcoti on, valsue ﬁ'bt ained after the interaction with
db? SCPYi*8FHE: t r ansni ssion i ntensi ty obtai ned

af t PFeﬂeh?ol?,a?h@ﬁi P chEN IR %ﬂtgfflgéj?gg@rc'ihe interactg’c?nC with the

I
Preferab e energy band is re as a specil

ajecty thandanskhise®n BREOSIE oBtaie € afteatie Adiatibas perdtrate the
in the energy band, the detection values as a result

afieethe i nteracti on between the radiati ons and the

materials have a greater difference when conpared to
{ hePERIEERLIY 0RA0AI SRIECHRR \IWR ODtRIEEr e’ thepratesaglinry with the

dEeOF il Anist b e B Bel iR '+ RaTaBSBRRsRate the
ses of different materials. Preferably, the set of
functions are referred as different function

pr oPesferatgy mibe! energd Haoid degrefetral Bso@espeddic energy band
correspondingly to objects having different nmass '
QomieskRading te eeertaipl yMaterial, sad de die tenergudband othe idetection

V%HLeas? Igglaag%é%ﬁgbf Egegﬁﬁg@éi%@ﬁg&gﬁee_re%btl%’ rat iaetig,nosuggg tﬁ]:e materials
have a greater difference when compared to the detection values for other
materials.

Preferably, the set of functions are referred as functions capable of

amplifying the distinction between the detected values of different materials.

Preferably, the set of functions are referred as different function
processing models used for segmental processing correspondingly to objects

having different mass thickness.
Preferably, the source of the radiations is a radioactive isotope.

Preferably, the source of the radiations is an accelerator.

Preferably, the source of the radiations is an X-ray machine.

According to another aspect of the invention, there is provided a method
for inspecting an object using multi-energy radiations comprising the steps of:
causing multi-energy radiations to interact with an object under inspection;
detecting and recording detection values after the interaction between the
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Preferably, the source of the radiations is an X-ray
machi ne. Accordi ng to anot her aspect of the invention,
there is provided a nmethod for inspecting an object
using multi-energy radiations conprising the steps of:
causing nmulti-energy radiations to interact wwth an

@RjtPehetyydridiaieRe ahtothe ShjedeUpgbl Mspilione@PHdfothing images
detection values after the interaction between the 5
eaurespanting yo theliXaraymnbawing differastijesstrgunelesls; substituting a part
i nspection, and form ng i mages . corresponding to the _
K- &yéetﬁ&vpﬂg/ad%? HHef Pesfgtgiminedesalibratipr filnetiamép getermine
r f ot et egtj.aon | yes i,nt o, a,.predeterm ned

B8 nash 1URRR SRR B st peneSitiBE AL R grs for the
c%@tet:ﬁ@n QRIRSE! hasdtH ofi §h& Tha STt Bk Y t‘&%&rﬁﬁh@rﬁefig{ad&eso as to

det ecti on val ues based on the Mass t hi ness t
ciotatn moré kecurstgegagscate inmage@bt ain nore accurate

- e i : f ly, th hod f h .
ConbT S &Y B ano o S5 gy gy SRS cayerting. the
PR, a0 M g B €LY BRP EoldPiiGpe,

di f PeernabigNBIOMNUItR Ry d6mPFised et WastRRG! different energy levels
Preferably, determ ning the mass thickness is based on

errenergy splectrat t enuati on of the radiations. Preferably,

sel ecting weighting factors for the detection val ues
meahseer@blys HRteEPINiNG thesnass dhirksespsis thasesngn dhe actual

i ght, factor for the 15 detection val ues of
#Fegw\-ﬂéziﬁ’gr(g)}ﬂga@s&tﬁ)&ﬁs are, and the larger the
wei phd felgh |l 26 REEn %eigﬁgnéjﬁclﬁﬁéé ?:E tH?ldﬁéc% values means the

| ow energy’radiat i ; ~the Tager the
drhaltdmnelss masst kieicemedd s, tthe weiatbt i the Waagltisg fRictor for the

the detection values of |owenergy radiations are, o
datectione viahirese of thigh-@eegdit iradiatians @are, fand then&arger the weighting
det ecti on val ues. of hjgh-energy radiations are. 20
(REICES dPPEN JeLERION AlbBes! GYPEGEIGH 4UIRTPRG el Bhile the lager

e .S vide rat far i.ns i.ng .an :
BehBes SURBHSE e, BRARELNE, IR BRREHGR B gre aetecton
wRlePbf NGWLaHdG) et 8Fe, AFNEHNE 'Ié‘%em{h%' Wémﬁp factors for
radi ati ons; a detector nodule array adapted t efect
the metéctivmovalugs rafligh-energy radidiions ans; a

According to still another aspect of the invention, there is provided an
apparatus for inspecting an object using multi-energy radiations comprising: a
set of radiation source for generating multi-energy radiations; a detector
module array adapted to detect simultaneously multi-energy radiations; a
processor connected to the detector module array for processing detection
values obtained after the interaction between the multi-energy radiations with
an object under inspection so as to obtain material attribute and/or produce
gray-scale images of the object; and a control system connected to the
radiation source for changing operating parameters of the radiation source.

Preferably, the multi-energy comprises at least three different energy

levels or energy spectra.
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processor connected to the detector nodule array for
processi ng detection 25 val ues obtained after the

i nteraction between the nulti-energy radiations with

an obj ect under inspection so as to obtain materi al

attri bute and/or produce ray-scal e i mages of the

obj &seferably, Ah@oﬁemorsm&ﬁcaﬁﬁﬁctse@ troultileyered multi-crystal

IR PP LIRSV By (he mul (1 oner gy
j . nif t I
o EAgRIge R Ao Ags Bl o7 e e lfbPtodlile i) Bre spaced

fémadadrSotherbltiltdraneead mul ti-crystal detector
conmpounded of "different crystals. Preferably, the

di f Peefenablgr thet @ldsatain sdwacdes ectadioantidelisotapeay are
spaced fromeach other by filter sheets. 5 o
Pr ePeeighably, fasdaticipauicsns fotrrokinasion afdhe sadivagtive isotopes of

TSI Sh 0 b A SRS, AR SRS et oo
S 06 9 RN S EESEERE SRSHRY XSk R e s

¢¥as BollifR00Ih & itesboligs, of a collimator in a tine
series. 10 Preferably, the radiation source is an

accerefeaaloy, thapabdldeaton esoutdde ng am adicelératyr bapable af emitting
conti nuous energy spectrumin which respective energy
egiaiofsphavbgi :ha0atinppes mgy,sp&@&r@mmwchﬂ@seségve energy
Ign Ienerg srﬁ)etctrum nodul ator for nodul ating the

Y]%lsgﬁ/re ér& FGmin front end of the radiation exit. 15

Prepesabity, (& oiadidt iRDILERYT &R ie?\gggyx'sbéé’tr g;r]"haﬁulator for

Preferably; the X-ray machine inclu an ener

rapéclatin g the dwleadp spéeirumnadid tdnidoft the r@aeitih &@ect rum
in front end of the radiation exit. Preferably, the

enePigfesprytthemagisdivginasaurce ds an Xhaypeasthine wheel , with
vanes forned of different nodul ati on materi als and

r ot A{§TREPRLY SR ARY MG INGPden@n phryaYetResdrum modulator for
rﬁ%@élggggggé? %ge?@hépggtrr@g{}&tféomsen%agf {he rtagcleation exit.

Preferably, the energy spectrum modulator has a shape of a wheel, with
vanes formed of different modulation materials and rotating around an axis in
the time series corresponding to the radiations having the corresponding
energy levels.

Preferably, the energy spectrum modulator synchronizes the beam
emission of the radiation source with the signal collection of the detector by

transmitting a trigger signal to a control system of the radiation source and a

collection signal to a controller of the detector.

Preferably, when receiving the trigger signal, the control system sends
immediately to the radiation source the signals corresponding to the different
energy levels so that the radiation source operates in the desirable operating
states.

Preferably, each detection value of different energy levels is the

7



10

15

20

25

30

Preferably, the energy spectrum nodul ator synchroni zes

the beam em ssion of the radiation source with the

signal collection of the detector by transnmtting a
trigger signal to a control systemof the radiation

source and a 25 collection signal to a controller of
ttamsnmw@@t dgrtensitefehtaisied afiesntheecadiatings t penetratggthrough the

I r} the control systemsends immediately to the
ofbé%‘? ANd5E 1QRELO Y he si gnal s corresponding to the
di f h d : .
o LSS EPRPYLILRARIDE bl B0 cenury

nraterialsabf Yhe 8Bfdtt dgitRedAtOshtwALMEeRErg) BARILYr cﬁ@l‘?ﬁg?.)ﬁshlng can
levels is the "7 transmi ssion intensity obtained t

biehempddyed ifonseppectiveatreatehalsyghithecam inpeoveihieraccuracy for
i nspection. By using X-rays wth different energ %

maigsps distindidshjngsteeat geeatoextgaht Mpoyeovait éhe adambinedheffect of
obj ec

{'Pﬁg&t}ﬂﬁﬁt%ggéno %Sgih'gﬁlgﬁgﬁgqu dsqtggéteggn% to cause the
?@édtfi‘)ln gﬁvmbcgefe%'ibd 'T@%Q th)?s a%o%vé\fe\f fltoi%%%%%rﬂl:%ll to the

I stingui shing gr ea reover

imﬁ_t’d”xid"rﬁénte{)ff @@durﬁﬁﬁ fcﬁfiartrﬁltérﬁ’él ﬁéﬁﬁgﬁgﬁlﬂgﬁtﬂgt B8fmber of detected
i ckness of the object tends to cause the

viahxesr dect moifti-ehetdye Xebgst ack reraplayedutoefit ddowesefar material
is beneficial to the inprovenent of accuracy for

'mtgmﬁpnd!%ﬁpﬁ@@mg §ine§ theal nstlﬂnwérth@ﬁegm@e@lefatnmg functions

obfhitEd 1im i, SRS vaEY ool e oW ameferials serves as
c%mlga‘?ﬁtgb ftfhﬁ"é’sq 188S @k t réﬁg'ﬁ%@é@#m%h&ﬁ' ng EHQQ&' YN actual

romt e 'det ect ed val ues

nedstireflehit SEdIves, amd ©YNBaseEONdAryr aététrhdﬁaném&and the special
overal | determnation i s based on act ual measur enent

PUeGaRsing &erdthigknesse dun garoys disteetonilinact interaotationeand Iooking up
pr ocessi for thickness, the errors due
adfoq%i%@%nn Sriﬁﬂ%ﬁﬂoﬂ%‘éﬁgel BERITAGY UBT matesil d rat.*floaélon can be

”{:]g and the accuracy for material identification
n be i nproved. By obtaining the detection val ues

af tpy othlﬁbh%; Wetéibt@'cflf)ﬁr\%rﬁeseﬁﬁéﬂx lla‘?l‘ée\h% d'|fﬂ=$r%hf"%hergy levels

with materials, and by assigning different weighting
irftactadr svitho materials, and by assigning d|fferent weighting factors to
hligh-energy and low-energy data respectively, clear gray-scale images and
color images with rich color levels can also be acquired for materials having a
larger difference in mass thickness.

Based on different objects for material discrimination, different modulation
materials are utilized to modulate energy spectra for different energy levels of
the X-rays generated by the accelerator, thereby gaining an optimum effect of
energy spectrum modulation and an optimum energy spectrum for
discriminating materials. This decreases errors in the final discfimination
results due to the energy spectrum scattering of radiations.

The multi-layered detector is able to further enhance detection effects for

radiations with different energy levels, thereby improving detection effects and
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20 hi gh-energy and | ow energy data respectively, clear
gray-scal e images and color imges with rich col or

| evel s can al so be acquired for materials having a

| arger difference in mass thickness. Based on
different objects for material discrimnation,
afictf@gyent nodul ation materials are utilized to

nodul ate energy spectra for different energy |evels of
25 the X-rays generated by the accel erator, thereby

gai ni ng an opt @m

modul at i on and-&n i

di sg{d M nat t gt dhi.s .
d nald K scr"’f Poffe! glﬁ@%}ngsa 'an 3gs§wa? T %ée&é&.n "obf&%t using
repitic¢ nargy sadiatiensrgcafdingdo %tnl @rnsodmenm ﬂwe-dr’é}ééﬁﬁmventlon
detector is able to further enhance detection effects

f or Fig3®2 riaica dob owewniof rard|GfFHQ)erﬁpee:ﬁ!emgynbdulaItc;r, for modulating

reb rovin dete ion effects and 8 accurac i
E %Eégg&i mmoﬁlf'@e”tlof tgeaprﬁﬁgmy Inyention;

di agra a ctl n usi n 5

it 1% ohar gé;quﬁg %- B0 SRS 12578 "o i RSk sectrum
mdmmr&&snheb@ﬁ%ﬁ s%}em Fi 9 2 is atop view of an
energy spectrum nodul ator for nodul ating nulti-energy

r adF igt oissa achemaitiogliagraan ofrebadietent fopfimiphemphesgRin accurate
invention; Fig. 3 is atimng chart of the signals

deteption oh tHdtienergy rgéatiansmacsondingt t0 am embodiment of the
contral system 10 Fig. 4 is a schematic diagramof a
p&%?"ébtt'BY Y9i npl ementing an accurate detection of
If'g HLHDvd gﬁk/ém :fgﬂétl C&frgeggoft thélek: dlr??t?\fv%ﬁn radiation

present shows Qi ven
eﬂéfgﬁe%\ﬁélsté‘rﬂi tieé %ttr%ht@eér\{@‘?ﬂaf,@%ﬂ(h@@s cﬁ‘nﬁfagé(rlals within the
| evel s and the attri bute and nmass thickness of
entiteeenaigy bandiin the 15 entire energy band; Fig. 6
shows iven function curves, which are different from
dt'gi % shoyvs slveno’ﬂnphen carvas. avhisl @ie shiffergat sonothat in Fig. 5,
mass, .t hi

d th It but d
ST O XTI
tHiGk it ¥ bPigkSHals within the energy band which is beneficial to distinguish

high-Z materials;

Fig. 7 is an overall flowchart of the process in which the detection values
of several radiation beams having different energy levels are used to
implement material discrimination; and |

Fig. 8 is an overall flowchart of a method for adjusting images by use of

the information on different mass thickness.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the present invention, during scanning the container cargo,
the accelerator is required to generate high-energy X-rays with sufficient
energy and amount so that the effective signal can be detected by a detector

after X-rays penetrate through the container cargo. In order to discriminate the
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high-Z materials; 20 Fig. 7 is an overall flowhart of

the process in which the detection values of several

radi ati on beans having different energy |levels are

used to inplenent material discrimnation; and Fig. 8

is an overall flowhart of a nethod for adjusting

meeyEds wf heeinspectatk opitabr Hha kew isnthat ftheragoelenaty generates
t hi ck S. %5 DETAI LED F?CRI PTI ON OF THE PREFERRED
ﬁV%F%EWS CRIAD RAVIY t YR pPReGN: '§vRlnBn@nthen the X-rays
; ' : LN L (e g t ccel erat or
PEraEe T8 o MbREIE! Bt L BbOSapel RS nTE20R" ana are

SoUra@eabteRE@bPRhaetEsBENt SO that the effective
signal can be detected by a detector 30 after X-rays

penéig.al dstarpotile dregraonbbiameapparagios fon ivgsisotinigoobject using
discrimnate the 9 materials of the inspected object, _
PHEI-RRSTGYsradigionshaceridindtaaorembadimentsof theveiesent invention.

LSBT, I oSt et S48 e Sy v
iti; Iy, det
SRR O 96500, DAy 25 BRSO of e

Appratorst b changed by tocoMr@dysksshngg  mul ti - ener gy

radi ati ons according to an enbodi nent of the present

i nvéhei operating Htates1 comespondihgr &4 othel caaas gefehat accelerator
X-rays having different energy |evels Dby chan?i ng its

59 é&'ﬁ'%&*{%?ﬁhﬁﬂ@w leyals @ beengtaad drwostrol systene4. When

BEEFUEL T Frido ! Seber 3 Shoftal REEER eriendRisamsiiatay to the
AReerrafd Phe Q@ﬁ%ﬁ@&bﬂ@sﬁéﬁéiﬁéj&%&%ﬁg$nb§'€1e§/§‘$ﬁo:cause the

been stored in~“control syste rec
docefgatorsi gopdrales timetheordquileds ¥peRITIng S&IES. The accelerator 1

imedi ately to the accelerator 1 the signals
rebirp e goRwlelipn nsdivctionetat theneangyol| ssédry 4 evheauiecarhpletes the
accel er at rxl ogera}ées in.the regui reinl operating . .
dEeralon aloXays Wik Spedifia senesgilr ke Vel Ghnet fastired operating
i r Iyl S t co t.e

88" YEE 01 RE R0 Sho Sk B e L GUED trouon
thé éMdgy espdctRin ARBHBIIIGT2, and optimized X-rays are obtained. The
several multi-energy X-ray beams interact with at the same position in the
inspected object 7. The detector 8 is controlled by the controller 9 to detect
the X-rays after the X-rays penetrate through the inspected object 7. The
detection signals 12 from the detector 8 are transferred to the workstation 13
over a network. At the workstation 13, the acquired data is processed to obtain
the gray-scale images and material attribute of the inspected object.

The X-rays are generated by the accelerated electron beams hitting a
target, and then pass through the collimation system 6A to form fan-shaped
X-ray beams. In addition, the collimators 6B and 6C shown in the Fig. 1
suppress the scattering radiation during the measurement process.

In the embodiment of the invention, since different materials are utilized

to modulate energy spectra with respect to multi-energy X-rays, the trigger
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states. The X-rays generated by the accelerator 1 are

t hen nodul ated through the energy spectrum nodul at or

2, and optim zed X-rays are obtained. The severa

mul ti-energy X-ray beanms interact with at the sane

position in the 20 i nspected object 7. The detector 8

signalerd and [18daneygenaratashviadheeaneggy speetroot madudator 2 to realize
X-rays, pepetrate throu

] er th h
i D EoN BBk e werHatieBEaE: FONSSPGna) el BoppigArioRend the
dja%%%ﬂg{:ﬁi(gn % ﬂ{%ég{\%ﬁgr ed to the workstation 13 over

a networ tation 13, the acquired data is

progges rb? A MBautteY 2Saalifd UREREnARsaterials of energy
attr 25 The

mat eri al I’ bute of the inspected object.

sperchysn amodyéatéorat fad hijffdrbat acnetgyr deedlselesedorobeties X-rays
hitting a target, and then pass through the
gesieratest byriheyaceaiemton 4. Asr AN owWR- BhBjge . ther mpodsdates.2 has a

| ddj ti col lj 6B d 6C sh i th

sage 9! wegsh, wlE e Bei prigerhapedn oY R he vanes.
vﬁﬁ@ﬁu%?@efbﬁat@rb?é:e&% LN tﬁ%‘eaﬁigbogﬂ menL 4 8f ot .htflfferet odulation
Fnvention - aince ditterent fateria arade QtiTvseM Sy

rh Qe | B t 0¥ighBRCEAR bl $dntrt@StheCéoritfoller of the accelerator.
mul ti-energy X-rays, the trigger 10 signals 3 and 10

Mulkt-gyesrgy aXedysi ard meodulatey) peespastiveodahas omadet of different
realize the synchronization between the beam em ssion
grergyeEnedwalien angteriala. tlhe infaraction Ibedveen Bre vheays and the

540 T PR T REEL D TRSLEr Al 565 g oot
i f . g
B0y A5 AIOHR)eh R ey . ras

Wil ged eI Lain@letdlyh@iffefentshoagladbndiRRts. Wi th its axis
bei ng a nmesh-shaped hol |l ow axis. The vanes, which are

r ot bombkamapla gince hewakimmateaals atwmdeb lignifi€érthetite X-rays having
nodul ati on materials. The trihgger signal S can be sent

hhemENSEAX rigl BeTeY PRSI cWNeNathe  enerayubande i Gy energy

oS0 L 1 B AR AR Hhr o come
tﬁﬂ@sﬁbﬁpbif‘?ﬁbtb%tn‘@?ﬁﬁ (idteexarmpis aaMehelowrp ﬁfétterii%ls such as B,

related to hot onfy the X-rays' characteristics but

palyaihyleeeajccothes hyalrdbgeémuich. organit maseridls, shdldrnanselected as
modul ation methods and different-energy X-rays wll
thegaeray spegiremagngddiatioarreateriad doi this Enrayfbeams.

Since high-Z materials absorb significantly the X-rays having several
hundred KeV energy, when the energy band in the energy spectrum
distribution of the X-rays has a lower limit which is higher than some threshold
of low energy (for example, ~300KeV), high-Z materials, such as Pb, W, U etc.,
should be selected as the energy spectrum modulation material for this X-ray
beam.

Fig. 2 is a top view of an energy spectrum modulator for modulating
multi-energy radiations according to an embodiment of the present invention.
As for the X-rays having energy (i. e. energy level) of 3~6MeV generated by

the accelerator 1, and each of the first type vanes used for modulation consist
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15 For exanple, since lowZ materials absorb

significantly the X-rays having higher energy in

energy spectra, when the energy band in the energy

spectrumdistribution of the X-rays has a lower limt

whi ch is higher than some threshold of high energy

qfitoe firshumeireon 13nNend second Dartiverifal e sushulatiorBmaterial of the
rich organic

3t E5iiahs T4 SaB s eieClacl ¢ ol daylens AaRsRIPgY rays with higher
. P8 ® Afealeselt
TR WL BB AGh ol e e Bt kb agg absord

Jtavienis g SRS Ment Wil IRk KeNergper gy, when the energy
band in the energy spectrum ~“distribution of the

X-r Bgs Xrasysa Haoiry eniengyi ofhi-@Mel/s rhacridgdolebale AN@rials can be
threshold of |ow energy (for exanple, -300KeV),
seilegied tontosm thes sesomd type Manewy18Jused. for 26odhlatibd. Fer X-rays

; Cal

RO R oL DORRET Yt AR A Erar o slecta
: | a0 . | 3t i i -ener

B IEREAL VAT P nO BRI A AT e paBfi Hnes are

TSR 0] S0 RS OIS BT resbecive enoray

levcielcandieomoblulated ex@ey agiretberfriingd ahgke vanes used

for_nodul ati on consist 11 of the first portion 14 and
secbi@ medylatian Maneshef thedemengy cspenttuen inaddeatarhetate regularly

8 T A AR i e o
PO i 5 ST, SGRIEDygoered o

shawinngn eRer gshifd of9MRY, 3MBIHOHcRfth At 86kt o erates
selected to fo'?émthg@s/econd type vanes 16 used fl%?@ &&1

sewedl R-ranbedms Davimy diffdrant ege gydeyglsovithOddaivbdaibdmitted at
t he, nodul atj on material Wcan be selected for the
apHpPiedvalise Thasaeray spastramomadulates [yist potatefethenpext vane to the
f nes are . ar.ranged around e axi.s . _
StAPFR! boFfPRoaReR snEIDRITE  BIARES: dlpa s tandimg b etapse.
tHO d@d’@éﬁoﬁ%n@%f‘ﬁ@h?gﬁg €Vr§fé1ﬁ§ tB{REEL Sha! Q?gonary position,
angl e. The nodul ation van Q of the energy spectrum
trigkirk ad Gligridlt @ganreatigaineyatedr hendmiditordyelel for MeeRext X-ray

one of the nodul ati on vanes of the first type rotate

beam of continuous pulse. Meanwhile, the triggered signal is also sent to the
control system of the detector. The detector is caused to start signal collection
after certain time delay. Thus, the synchronization in time between every parts
of the device is achieved.

The detector is a detector with a multi-layered and multi-crystal structure.
In this case, the accelerator 1 can be replaced with radioactive isotope. For
example, the radiation source is a combination of radioactive isotopes of
different elements, and the radiation beams having different energy levels are
generated by making the different radioactive isotopes pass through the

narrow slots of a collimator in a time series. As shown in Fig. 4, based on the

collective levels of different materials for different energy signals, the first
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to a stationary position in front of the X-ray pl ane,
a signal is triggered as shown in the timng of Fig.
3. The accelerator 1 continuously generates 15 several
X-ray beans having different energy |levels, with each
beamemtted at an interval t,. The energy spectrum
SPGINGPBT 4Tusen ibet tareed: ofeCalestystedamdt esachto collect lower-energy
tatlona}{é PLﬁ t|o when,_ t he |nFervaI t1 el apses
FRYS: A4 BFRYSIgnals @9t Epapthe Tirst UtRaRAS A0 ] NEagither X-rays
S Y,
I%fwr@ﬁog%Herrsénérég%ﬁlcﬁé\}eqsthF hhﬁ\e ﬁggé%;'gt?& g?@ &1 gpd the first

posi ers a signal Tagaln

RMpSSHAN 4 ErR FeicH e ﬂl@?éttlox pary 430 TkPl%afntr‘éflonrﬁﬁrt 43 is a filter

conti nuous pul se. Meanwhile, the triggered sig
shlesd smhtused tfbe filteoimgr ddbweyehergyolX-tdys det Qmaﬂ’ipleTbéused by
detector is caused to start signal collection after

rptamseatiring| Bhe natesial toméhe;mtca]tmmpaat 43 cainnbe isedected as

RIS R ety dfal edn b] seiesied B P8 sqcayier sanadhiipan 44 in which
a'I'F%E FFW%E %'fe?%%lége one ntgﬁw He 2{: a}ac‘gst?cr%cg]%d The signals of

acce er at aced W d| oa

the 8opad seasingepaml4cexit Ant Bl 8&é6Hy é@tﬂtﬁ a'rf545l The detection
conbi nation of radioactive isotopes of ferent

sigraie mibdainaddy hiee rdedéctor @me kmvertedvinihg 1@ bit dvimay data by an
Aﬁgcsrag] | evel s are generated by maki ng the different
dtrangferregitogbs 9585,%39('&9 sRjkstatien *arrow sl ots of

n Fi
o T BB R 55, 6 U e e ot e
oBPéuﬁi’ngaﬂh% é&écﬁbrﬁfv%ﬂgég. ngrré?er)éef b&%&lbﬂg%ﬂﬁ h" Ferée y bands

sensing part 41 can rned o crystal

ate calbrated bawed - emethgy dededtions resund @ﬂﬂ@i&mﬁ'rﬂé‘t@'r@ls to form
exit fromthe first output part 42. The other X-rays

rfﬁawrngmnveﬁefepéﬂeﬁ:@twgmthe telatiaen tld’tweaghfurfmaioﬁsret the sets of

sensing part 41 an first output part 42, and
fynctions, I’{% NPty gt‘ﬂ par thedunatipns jn tth%ltSQSrprBJ*tCt'@BS can be

t t for filte
shasted By RS, bl Odartbst PRacsmppiginate can be
slealdted ibyLsid§ funBidis n part 43 can
Cbe sel ecbitye s'ag ur‘g& ((ﬁ){rsgé E%Elgﬁ%za%ﬁ%g?ﬁbe sel ect ed
as 4keu,secomd| le@ns! py part 44 in which alnost all - (2)
hi gh- energy conmponents in the X-rays is deposited. The
si ghal Prof— raneisekbrRf Jerlsi(vg <pant| 44 exit fromthe = (3)

econd, output part 45 The detection 10 sig
WhE TS SHEREHEIR: HE e riok JFPESE AL GG GhHRS™ Arbras Jeals of X-rays,

thHel §EhBoRaLA DY ;Aind 1 are predetermined parameters for known material,
and ¢ represents mass thickness of the object, x4 represents a mass
attenuation coefficient, I, represents the values detected after X-rays having
Ny energy interact with the object, and 7,, represents the values detected
before X-rays having np energy interact with the object. The resolutions
between different functions in a set of functions vary with the different energy
bands. This feature will be used to discriminate different materials by means
of functions calibrated for different materials.

During inspection, the detection values of several energy levels for the
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ADC and transferred to the processing workstation 13.
An i mage processing nodule is enployed to anal yze the
data after obtaining the detection values. First, a
set of functions within all energy bands are
cal i brated based on the detection results of known
inepestpdiodbied Frersubebituted dntoothecenlibsatadefunetions.i ang theeresultant
rel ation between functjons of the 5%5 of unctions.
arafof {

TUECUPLYAIT HEFOBPAIEHVIT g £ ectomvanes fo the known

[ . . ] r . .
BRI B SPhRI SN ARg! B8 458 horentia materia
réﬂ?é%é‘ir@ébéﬂedl%b{&:tfb%wdw as Equations (2) and
(3): Qdunxt=axlIn(l,,/InO)I ... (2) 20 P =l (Q Um
yl uThe Ioptihkumt discamifaton Aheogy bahd Yaries with Bderent materials,
where subscripts m n, and k represent the different

Arrgeringdl efunctiaysodelstrelegteddps each 3f yhe eatgybands are
) ST SR S BBt R S Pbtes Y unctr
" . LO fELCi . " _ I
EORERSETEs o dRSio Bl G ShECInGRE b h Al for g ogauishing

Helay anetgy. itns eRGdusidt Ry ORisls, cabelfadifPaRHRGLZhed by
the val ues detected before X-rays having nth’energy

usirtge thae pawlictHat henadignecurveShie thés ehatgyobandbd@hweebased on the
different functions in a set of functions vary with
firstedelerminashrargr tgy mptaisd betangs fteaeppeoriate fssmssefi energy

pibafiA S e cDalPS el ohiCarRSrgig Sgments can be
i i i on t L | L .
QU pElerRine WS A5t AU IE? e B elracy
subi$thé obpstt ihata gﬁ@ll@alﬁdysah&ﬁknfelsspmeoa&uraeg rf]érhiﬁentifying the
e

resultant function values are conpared with th .
meteript at b ohiest wilhbe @figsted.ofha hbjdohcan beraoesidarer as having

SATGRE TP PR B0 8] Bl B ncion
8557 SgPEE B LS 0 GO IRETER B A Shenuaton i

vEHNSHIZNN IAMRE | caseethat e sfté’tfst%ﬂﬂngu hi%% %nﬁbEYngQ@Q%etection

are different from one another. shown i n~Fi
redudts of lthistinttrastidmeetweehi eiliaticdl @hidoan cotsjeées having a smaller
corresponding to the enerqgy band suitable for '
masst ithigkness.ng function relation corresponding to the object having a
smaller mass thickness is adopted for further processing the detection values,
thereby ensuring the identification accuracy.
For example, for an object having a larger mass thickness, the function
expressed in Equation (4) can be selected:
! 1
P =axIn(-=) - B xIn(—=%) =+ (4)
1m0 ]nO
For an object having a smaller mass thickness, the function expressed in
Equation (4) is not suitable. In this case, the function expressed in Equation (5)

is selected:
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heavy netals. It is obvious that heavy netals can be

easi |y distinguished by 10 using the particular

function curves in this energy band. Thus, based on

the first-determ ned range the material bel ongs to,
appropriate fornms of energy conbination and the

funcyion rellgtions of/,correspondi segnents can be
furﬁ}éfaﬁéré((}r_t)o_ aé%héép_’nsgé(]f@g +ngt)£’?7( al attribute with (5
a hi gher acclifacy. If"the object has a smaller nass

Wi e I [ b £ Vi r - : oy
VR P Rt A R BRI erd ity he obct

KAM, bepeossitdre ad| s detechdl bafose™-tB)s iBsact WithKAEBbject; a, 5
when the function values of the selected function

repacseot dratietarmined patanataregi on of the coordi nate,
or when the attenuation is very small. In the case .
t hat i HesSkews sflqwehart pliatrnathogrfor detgrgriningrthetieaterial attribute

T W N Ot
0 kohep 01 Y05k O, 0L LI FRORNI, S8,y eneroy

l&veis heid jor REGRAIMEtdrie, deitgiat fupitival rettion bhahgviree (here the
ensuring the identification accuracy. For exanple, for
mipdyj ek K-fagsiinganal o gemomesthanhivek aed desg thearf sikcsiiom as two

e>_<f ressed in Equation (4) can be selected: 25 _
qﬁ_gggrﬂqq\ygy_lpy(qﬁ(qfﬁh? six 19 givepdon fungtign fgﬁpgyﬁoe(f}at the material
tha\élrrﬂrgsspzeocﬁgﬁl Ilselg:?l”g%s%ﬂt hi ckness, the function

expr es "(4) is not suitable. Inthis

casgi stdpesh Eﬁgfﬂlzeo?%j%ﬁPﬁaéfﬁ_si’pgc@ﬁ?élseé‘nﬁé using X-rays having

sel ected: 14

siy eokendy henelg) Xhe ddtbgtor galettsOthehderedtion! values after the object
represent the values detected after X-rays interact

inferactinge Will) eefays hraginglGix enesgerievelse Menieat step S130, the

etected befgre X-rays interact wth the object; a,
HayS 91 cleatien ni B8 UPHPHOR 95 Bakis & dheenergy Tevel thereof

B LR iy PRI, BT it energy
leveEpldethel X shy HavidEfdith 8ReigyYiel8VaieSciassified into the first group.
The X-ray having second energy level, the X-ray having fifth energy level and
the X-ray having sixth energy level are classified into the second group. At
step S130 and S140, the detection values of three energy levels in each group
are substituted into the above-described calibration function to determine
primarily the attribute of the material. For example, the detection values of the
X-rays in the first group can be used to determine whether the object contains
the first material, the detection values of the X-rays in the first group can be
used to determine whether the object contains the second material.

At step S150, if the determination results by X-rays in the two groups can
be Cu and W, respectively, the detection values of energy bands which are

more suitable for Cu and W are chosen respectively, and also function

relations suitable for the energy bands are used to further determine the
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At step S110, fromthe interactions between X-rays

havi ng six energy |levels and a known materi al,

certain function relation of any three (here the

nunber of X-rays is equal to or nore than two and | ess

than six, such as two 10 or four) energy |levels of the
ajribyte matesialf Gpr eaaBtAlenfaritheifirgt seatenat, thaesatatafrfuattions of

%83%5{59* RS dloydyE e Yo el ey Rosn sgishasvsty as the
YJes oy Qltﬁ%(ege%on-ghs?gﬁqt)ﬁfé\%r fncgnl)@%y%]hasmg B thied energy

he objec erac g w’t

|éa¢/u agd Thg m@yé})halvﬁt?ﬂh% fJJrﬁm,en@?gy%tléwSé@,enﬁ;n@yéé to further
X-rays are classified into two groups on the basis of

diseriroinartgythecveateriadr avfibuteFdforethepsecondhemXterat, the sets of
having first energy level, the X-ray having third
en%ﬁ*w of detactigRvalues rf P%\SPYﬁaWi”h'Qt 8ARtimemeerErgysRage, such

et e
ARy B TR, o o

oﬁéélr@nirialfetw@hm&r@namatbms of three energy levels in
each group are substituted into the above-descri bed

cal i brefardimef disctimimation ohetyegain reedef@rimimatidry reguét that one of Cu

atrribute of the material. For exanple, the detection
g K‘ééS'btfstf'F?@'e ot §§§°‘P'ﬁteldh%‘”ﬂ'9§tfgg3rt@@p licigraprargakhat further

SV T RSt PO B e 1 com
sfe'ehsﬂrorgurl‘wépc&ﬁﬁahﬁ on fRat dmte?n&ﬂ) m&?lny@ﬁ%‘?gdﬁﬂg?s by use

obj ect contains the secon materla At"'s

df raultiplee enengyt ievels eaul §edily ipraye the dél@rﬁm%tﬂfnoéé’@uracy for
can be Cu and W respectively, the detection val ues

digcreniaagpoedrateniat Attebete. nore suitable for Cu and W
are chﬂsen res ecti VE%” nd al so function, relations
b

sui FRBM% {0 rp E e F‘raE 'ﬁ}a@eu dtheo obiggthseveral images
o@ﬂlﬁ%mﬂfséﬂ‘ﬁ'\lng @toH]e se I'?AVlniﬁiffe&éﬁ{TBnSrgyf Vels can

t he unctl

beedhbined tvgbHRs t@fgéﬁrerrabésrééﬂuﬁtahﬂlrﬁ&@e ﬁ@@in?bmgﬁ RISy,

range, such as the ~ X-rays having the seco ner gy
| evds , it tisewl r leysvhathechigheehbigyd Xereysghaveerndre acabability to
t he X-ra s having the fourth energy |level, are

P@ﬁﬁt"é%&“@&dghdh?r@ne@ and the Aeteationt yalugaiobtaiaed by penetrating

r t he second mate t he sets of
tt?rtotugthe object having a large mas trhlc‘?}(nesshls more accurate. Therefore,

the gray-scale image of the object having a large mass thickness is clearer.
However, in the case of high energy X-rays penetrate through the object
having a small mass thickness, a blur image lack of more details will be
generated. However, such a drawback can just be remedied by the gray-scale
image obtained by penetrating through the object with low energy X-rays.

Fig. 8 is an overall flowchart of a method for adjusting images by use of
the information on different mass thickness. The image merging process
shown in Fig. 8 can combine together the values detected under different to

generate a clear image in a broad range of mass thickness.
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functions of detection values of X-rays within the

opti mum energy range, such as the X-rays having the

fourth energy level, the X-rays having the fifth

energy level and the X-rays having the sixth energy

| evel , are enployed to further discrimnate the

mat &t stapsad? ?BW%SZZ@ tieenatarish@ttriviute of thenabjesh isrdgtermined.
tion res that one of Cu

81 xdTadie: HHP atein Redoubetheh the ALt ckASss: G pbips isdarge or
Qﬂﬁl@.rﬁge t ORUNEUBLLE of fh%cfaﬁggpé%ﬁgl%rg%e Cﬁeebiascsaﬂgﬁkness of

‘domal ns” nore fine
dujeen thR BoBetersed réﬂﬁé’(@lphw tRé S MRAtIoRIis serious, for
energy ranges by use mul ti ple energy | evels can
eyramap lkyit iisniessy tharha mheset threshokinvalaey tiee ybieut is ldonsidered as
discrimnating the material attribute. Finally, in
havirg a lprest masscihicknesgadl ths atteaustipacis, littey deraexample it is

A e 5 Y0 e i 5 v

FH},%@ tﬁ%kﬂ@@@r ate resultant image having high
I's well known, the high energy X-rays

haVAt s 2 S@ﬂﬁbﬂdrlthﬁ naterdd RANRY r@ts%élhh%%htﬁlbﬁness a small

obj ect and the detection val ues obtai ned by

wagbtingtfaotpr sunhoagh3@%eisobfsighetaoi the adeteutipn wales obtained

thickness is nore accurate. Therefore, the %a -scal e

yneegdigh enssgvAnte Insemyeightingdactaissuahas &Sgga@srgned to
n,the case of high energy X-rays

tﬁ%ﬁ% ecé{og ‘F%PSE&H‘?'HSd&&dgéi OWIREGTRNG a smal | mass

thi KKRESS S?4(p| fdr t'h'eHQSJelc@%v‘?rﬁoq, rEDrlfr ?trﬂhg§ t\q’lékbegg a larger

25 generated. However uch a k' can

welgrtih@dabtor thehobay?%alseassignee t@bfrﬁé' G@fed%bn values obtained
penetrating through the object with | ow energy X-rays.

Ulnldgr high enargyowaedas Isnfdllensveighting factoeshokl asa30% is assigned to
tin b e of the information on
gq'céﬁ’% Y?ga% PF%Rﬁié‘é‘deﬂﬂé’V CREEY - mer gi ng process

?*é@?’* crlnlbe, S750) o B BRetdRhade, %ﬁ”ﬂﬁa A Elergyipace are

cbmtﬁn@d GG thange a@f:ofﬂiﬁ\%et\mtﬁ ‘fﬁ‘@%elgﬂﬁ &B?@ﬁ) §%ilg resultant

and S220, the material attribute of Ject
irdagewhiokdas d-highexauali, it is determ ned whet her t he

mass thickness of object is large or small. Here, on

t heApdepsribed @bevat thenprasesh inkeqtios, carmparessthe detection values

cknes
OBPaIIHGd after Ihe multi-energy X-rays interacting with the materials in the

object with the preset threshold values, assign respective weighting factors to

~high energy values and low energy values in accordance with the comparison

results, and get a resultant gray-scale image.

Therefore, although the images detected from the X-rays having different
energy levels has different image features, the method of the present
invention can get a resultant image with high quality particular for the object
having mass thickness very different from each other. In addition, the
gray-scale image can be converted into color image on the basis of

correspondence between gray-scales and color levels. As such, the clear gray
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obj ect can be determ ned approximately. If the

attenuation is serious, for 5 exanple it is |less than

a preset threshold value, the object is considered as
having a | arge mass thickness. If the attenuation is
little, for exanple it is |larger than the preset

INREes I Colaruamagesewithrisht coler tameds dendue abtdined fior the object

A1 SR8 Al S8 Terdtfielenc 16 faass (GBI RpCh other

f aCAQVd%%?iﬁeg‘;arr?q%f’é’ % g‘éc%'l%?anéé’%éﬁég?sggt Fe{ﬁtg:t gﬁtel%%}ilg)si beams

obt al ne n igh energy,

Wit HifferéHC 718%isS wanéh S0BSe i i )
val ues robt a?%?g undgr | ow ener g@@e%twﬁlttée#gakggﬁﬂg%feo%ame object,

resigecthjede t Ahdetientpradetercte thevX gay hthak ress peaetrategkthrough the
ighting factor such as 70%is assigned to the

wel . .

%%cﬁn@nt%mé@ctm aesidltl is 1aalyzrd amdghregessgy, tcamghieve the
mal | er .wei.ghting factor .such 30%is assigned to

PR mBesthis e Araedal fabig o Hiadnneste daBigs then,

at | Vi epergy,

" TRERaig, SRR RO EE SR oo, over

wiecighdiffegeritaeidngy ppartiods [predbinditite, ibyRE8RaMGinghtHAD perating
a higher quality. 20 As descri bed above,” the présent

pand@etererthecegfaiSisce tiee eaeegy ob X -vaisugsneiedibyethe accelerator
after the multi-energy X-rays interacting with the _

hgt 3eitveln wide spssfras. and Hhenrropestien ocsupiedoby X-rays with

o oS BV Biahe erds i asb o i Cisg, bd regbiiian of the
X s° 0P reAliea Egdynin ARG, S¥tay? SPESANTY means of energy
speteatednbdanmtione Kor axsraaviwith ddiffeesrntene r@ofelst, different

|l evel s has different inmage features, the nmethod of the
natesalst are psedtoormeduatien ta oktin toptimizedgérays. Hindiegl, using
al i articular for the object having nmass
difer ‘éanéﬂﬁowMﬁ siements As thedadialion Baep of Gifereat energy levels
: - SC ' converted ipto cal or
PR TR L AT SERFrCERRIRTL PoRelr the setectaie
eBERY SFSUAIMAS Aot BbAfinkGYE! S. As such, the clear gray
17 1'mages and color images with rich color |evels can
be Asbtlasorioed previbesigbsiace the X-rays generated by the accelerator is
a continuous spectrum, the accuracy for discriminating material will be
effected. The present invention employs an energy spectrum modulator to
modulate the X-rays generated by the accelerator. Different modulation
materials are utilized to perform the energy spectrum modulation for different
energy levels, thereby obtaining the energy spectrum most suitable for
discriminating materials.
Furthermore, the present invention points out that the distributed energy
band in the X-rays energy spectrum is different, and the appropriate material

for modulating the energy spectrum is also different. For example, when the

 major energy band in the energy spectrum distribution of certain X-ray beam

has a lower limit which is higher than some threshold of high energy (for
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i n which each portion has larger difference in nmass

t hi ckness from each other. As described above, an

accel erator generates at |least three X-ray beans wth
different energy |levels, which subsequently interact

with the sane object, 5 respectively. A detector

akempies ~BMe K, lew-4 hateriab speheas oeah ( By, cpalhethiytene and other
obj ect .and t he det ect.i on resg“) is anal yzed and

yAEeRekEENt 9aRIG Batetiple. shrdld PRisRiesisH a9 thaenergy spectrum

b ' f i c ject. Th
R TpliPh, Bplerar e s fcd By e M A b R e Pt gpsord the
I@sﬁéf“én_e?dye%cab‘b@ﬁﬁg B S I tin BRBY W aP& ORS tdr@ftable to add thin
predom nate, by changing the operating 10 paraneters

HigleZe ofateBahder eherg@napeytram Xaodyatige rafteat ik eyerdye spectrum
accelerator has a relatively wide spectrum and the _
medwatien odf dhickphigh-Hymeterigls When the: ineajoerrneygyi band in the
relativel ere s need for increase the

doeedbsestunt SR of Eellfim @y hran ereagwen i which is

S RS HTRERT hHRERY PSR, o, non-
reatetial eslichl as LAY PR € tiideh QWY QU)téc., should be

obtain optim zed X-rays. I ndeed, using different

setatitedicds e edreargnt spectrurhemoddiaionomatetialc orothis X-ray beam.
di fferent energy levels doesn't require the energy
Medidm-drinatsdialatipb axampiRveapper ke usetast alepl ke usedr gy
spectrumi,s not contjnuous. .describe reviously, .

o npeE e Rele) paithl e st Ve hobenaeaPerL o Hyltienergy
CRA, bRAM T PEROmdd e J6 h ARyl ALt BrEgkENUne signal

vaRIsoxfieBihee MRé BiEtioAS BdtWdeADHE! @uRI-ehergy RAM 84& th&enaterials
X-rays generated by the accelerator. D fferent

spratutaacouratelntdiscrihinade éhedifféreade thetyweeh dhenintezactions of the

energy spectrum nodul ation for different ener%%q »
”PLEU@%?IQY Kefansyahing rbiastt Rifesprt dgteshiar crysialsosensitive to the

XEthndifnd. difezeft ey Toudld hrinstideosiienat epponsive
cHhrddtéhsticad T‘F\‘éef(g)ém Q\ﬂﬂfjdiff'éréﬂ%ﬁ%rﬁgﬁévég%fr@%’coaﬁﬁ%ettbﬁgnerate

Is different, an e appropriate teria

signald aihi rigfférieat edetealios penistals) i endl thendithésy esignalsofrom the

exanpl e, when the nmmjor energy band in the energy

derationurandi differanit eorray lewelsaiate Xcobgctedamngo domsprehensively
ich is higher than sone threshold of

P SEHdPG it use

Since the most distinct energy band corresponding to the X-rays varies
due to the difference between the interactions of different materials and the
rays, the present invention points out that in order to obtain the accurate
attributes of different materials, a specific energy band conducive to the
material discrimination should be used, with the lowest and the highest
thresholds given in advance. For instance, the present invention gives that the
energy band most suitable for distinguishing organic and inorganic materials is

0.3MeV ~ 3MeV, and the most suitable domain for distinguishing heavy metals

is TMeV ~ 4MeV. The processing functions adopted in the present invention
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18 exanple, -'3MeV), lowZ material, such as boron

(B), polyethylene and other hydrogen-rich organic

mat eri al s, should be selected as the energy spectrum

nodul ati on material for this X-ray beam Meanwhile, in

order to absorb the |ower energy scattering conponent

are alse varieaysth differentpenergy Alaindst o add thin 5 h| gh z
ener rum nodyl ation after

ene&é? E%Lgttgr Sn'ﬁ”ﬁ%!aa ttf‘%nm@fte’f gkriRuign by Hﬁ?e?f df-rays with
A’d\ﬁ&%nﬁ tkﬁr}%k%yglgeirsg%a?qglg detllI\&?Onseﬂgﬁg¥he°' Qr?t%'f%é{mr}s between

Strib tarn
Xhph g With alf@héﬁt t §O!§Qe¥sr‘ra€i'ﬁhcﬂt5]|eé’t§ l.sowstﬂee&gybe detected
(for example, - \/? high-Z material, such as
gucundteiy. (IPBfore- dagsmtmfd §Wps, @naiysisnig bJ)soetnade adoollwhether the
be 10 selected as the energy §Ject rum nodul ati on
qha\@@trhaqs af smaflar snaes Hyckrness m.tlm%szlem@rd%tegtlon @nergy is

SR oSO sbrakvabes Bris delinsdt i they asbociatpdat can't be
t58 ﬁéﬁ ' Tﬁ@?r@(s possde I?@gi@l?errﬁﬁge\kﬁgtth% dc}‘ﬂdgct' ﬁ?? a smaller

yed to 'acquire preci I'gnal

rﬁa@s tHIERi bassd bﬂttm%owmawhbma@mm oM mt’bhevalue is
materials 15 so as to accurately discrimnate the

ldecdtedr anbenbéievemass hihickmessaof ithasinspettesd object is small, the
mul ti-energy X-rays and the object. Dfferent o
IAENSET iShat Wét%ﬂ%faﬁtﬁﬁgmﬁﬁv@ radigtien Rbysigs €Wt ke negligible.

f ls d t '
PhissSRE e PRCrARE SO Hreds o8peralrd Brcthe apesierator, it
|§'&?‘¥19Mlt |f8?’§{e3 cRAR &SRS BPth%efh?ér%tcﬁonSd%%Ieﬁ fhid Xirays having

erent tection crystals, and t ese si

the opneidoenir@nteireedy CtSthﬂ ahd ties estijeenes gb’cdu@VG1h$s aééds to the
coll ected and conprehensively processed for further

dederiorstinpeoft thetestion aticyracycandtbe @cduaacy &Urwe@@gorztum@gnatenal

to. the s varies. due to the difference betwee
attributes. ﬁ“a@{ dHesert vendipandthesraoy %a%dn%kesenawe to the

RFadtisT it AR lie 0. Reltsta b iF CabBr &l B hpected object
ARy b%rﬁall@néﬁ’@@hnﬁ;kﬁe@edrﬂytmg p?r%@@%uh&embeet BEfined for the

material discrimnation should be used, wth
greate siuctrationhghenghesion tisir gtilzelddto gproeess ntrmdvm@@uon values
For instance, the present invention gives that the
C@H@ﬁgynﬁm st figally ts evateriadadribuigsi efthedgnspgetedcobject are

HnbBUIAY mLerials s

In addition, some modifications can be made within the scope of the
invention. For example, an X-machine can be adopted to replace the
accelerator as described above. In this case, the energy spectrum modulator

of the invention can be mounted at the beam emission end.
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0.3MeV - 3MeV, and the nost suitable domain for

di stingui shing heavy netals 30 is 1MeV 4MeV. The
processi ng functions adopted in the present invention
19 are also varies with different energy bands. The
key to discrimnate the material attribute by use of
Whagissclainidd igdi fferent energy levels is that the
distinctions fromthe interactions between X-rays
with different energy |levels and objects is able to be

det$cted 5 accurately. In afore-described ste
anallydh sTRYTGH 9" iftsResiNg 62RhePIRG: PRBY dBylbcariargy gadiations

c%r@wls%g rmg.%t le%ﬁg ness. Since the sel ected det _ect! on

y higher than certain value, it is
deftét‘?Qn h%ulil%é}ﬁo%éra@@nscqe tinR&act ORitAMad - objtect under
Thus, it7is possible to determ ne whether the objec
uh\@@ecaloslrml I er mass thi ckness based on the coordinate

B0 R Y B ol 0 Fen

erﬂé}gg'rﬁﬁia‘ﬁoﬁ‘saatdosﬂw' ché eENahact ﬁ%gé&h

physics can't negligib reover in
thes@mttum@ug PRARIT WN the aystedadrr ghrR@sbyntohe predetermined
accelerator, it is difficult for the characteristics
calibtaton funetiantto aybtaiet inéermatios demayisingapiimgry niederial attribute;
predom nant energy band and the object to occur. This
ddads to the 15 deterioration of detection accuracy
and the accuracy for recognizing material attributes.
| n ‘ﬁﬁ@"@#@@ﬁrﬂlft AU Ehateon alttlﬁ@uéfrfep@)thfba]meﬁoﬁt applying a set of
¢S S|t|ve ciltE interaction with {Igectf "
%’é‘?é‘iﬁ 'able %r%§§8r%\f ?H% 9%'?688986‘90&% &' HEAYRS - a
smal I mass thickness, and then a processi ng nodel
defined for the great fluctuation phenonenon is
uti2i 7ee hretho@cesElaiie dewvhetéianthealinfedmation further comprises
correspondingly, and finally the material attributes
nodsg thicknessaofarthadioineafttherabjectbt ai ned correctly. In
addi tion, sone nodifications can be made within the
scope of the invention. For exanple, an X-nachine can
be @dpRé eethed' FPERHA 1 BR 2, IAALRH HOEaRsTatl8R FuhO&sh |s a fitting
above. In this case, the energy spectrum nodul ator 25
forfctidre of tive metecticranalvesnobiaired] aftet hiee bediatiens Ss=vang different

end. 20 ' . .
energy levels interact with a known material.

the

4. The method of Claim 3, wherein the number of radiation beams which
have different energy levels and are used for fitting the calibration function
and interacting with the known material, is equal to or greater than that of the
radiations having different energy levels used for interacting with the materials

in the object under inspection.

5. The method of Claim 1, wherein the multi-energy comprises at least

three different energy levels or energy spectra.
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What is claimed is: 1. A method for inspecting an

object using nulti-energy radiations conprising the

steps of: 5 causing nmulti-energy radiations to

interact with an object under inspection; detecting

and recording detection values after an interaction

bet Gedimet methed afi Claar ywheaeiat thensuith@nergy eppuxcises at least

EnderT%nsRection; s%bstituting aﬁfortion of the

HEee BTSN ey 1BYeS oL S51EEQ%CRERTRed 10 calibration

function to obtain information conprising primary

material attribute; and determ ning further nmateri al

at t 7i qeemedhod ¥ ORIMACH, RYerdIRl ¥adH0 datefonolalue obtained after

functions suitable. for a energy band corresponding to

theeintarbotiomtwitinthel bbjact Thehedtdnstniesioll iatensity obtaireschafter the

the information further conprises mnmass thickness

rediadiongtpedietite the obidct . 3. The nethod of Claim 1 or .

2, wherein the calibration function is a fitting

function of the detection values obtained after the

" adpatrantdifyd 9 Slafhes Chherdl S BRI TalyB' G5Bfed after

with a known material. 4. e nethod o aim 3,

tweeh&irBclitv® withTBRS oBfect alitiaé iteihsheiss®nWitedsityhebt@ined after the

different energy levels and are used for fitting the

radlationatpenetfaiedhe objecdnd i nteracting with the known

material, is equal to or greater than that of the 25

radi ati ons having different energy | evels used for

LB e bR R L e SR ot ReRliered o5
= | Lea if-fer -

Pl SFETQ FAPLLRESOOAANGTN, celgiS Interiohc 8G inyipe eneroy

RindCltiné dele ctimevuos takea radull ofetherigieraonien beesedit the radiations
| east three different energy |evels or energy

ansethe matgriafsheavreehgwatér difigrende witesy ebmpased to the detection

d tecp oq val ue obtai ned after
values for other materials.

10. The method of Claim 1, wherein the set of functions are referred as
functions capable of only amplifying the distinction between the detected

values of different materials.

11. The method of Claim 1, wherein the set of functions are referred as
different function processing models used for segmental processing

correspondingly to objects having different mass thickness.

12. The method of Claim 1, wherein the source of the radiations is a

radioactive isotope.

13. The method of Claim 1, wherein the source of the radiations is an

accelerator.
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5 the interaction with the object is the transm ssion
intensity obtained after the radiations penetrate the
object. 8. The method of Caim3, wherein each
detection value obtained after the interaction with
the object is the transm ssion intensity obtained
after the 10 radiations penetrate the object. 9. The

nmet hod_of Caiml, he en band |s referred
22 gﬁ@cm?ﬁlorgeﬁé (g@"ﬁa dWEE’SFer'Bst §nteWget®f the ragdigtions is an

xm%);e afi‘:l nd in the energy band, the detection

val-ues as a result of the interaction between the

radi ati ons 15 and the naterials have a greater

di fference when conpared to the detection values for

ot h t S 0 j ' e

01088, PRUSEHRE for oSO Sefl CLal® il racitions

coaaiEing ¢He etdpg efpl i fyi ng the distinction between the
detected 20 values of different materials. 11. The

met¢aubing Oretiranergywheadiationhe teetinteractuneith oms aokject under
referred as different function processing nodels used
Inshectigfnent al processing correspondingly to objects

havdetgctihg bauecorBag deittdiesiued afiet thd hﬁte’ﬂ?&tmﬂbé’tfween the

Claim1, wherein the source of the radiations is

mruithemmgy vadiadionepend 13e objectnmiderdinepeien marld formung images
wherein the source of the radiations is an 30
CaU@éP@P%mrto the X-saysrhavingtditierest eaesgyrevelsiner ei n t he

et Ring A esetef s dresipBoeidrs fifo Apedetmriggd calbration
i io%ttboabﬁerrﬁm@ome%agsttm%kﬁégéaaf e{e oﬁjt%g?'an%

mul ti-energy radiations to in an obj ect

undslectints DRGGHIY fAGDES Fomehe i@ te @/ dam&s&@@d IPNthe mass
val ues after the iInteraction between the
thickness to combine the images so as to obtain more accurate gray-scale

image.

16. The method as Claim 15, further comprising a step of converting the

gray-scale image into corresponding color levels in color image.

17. The method of Claim 15 or 16, wherein the multi-energy comprises at

least two different energy levels or energy spectra.

18. The method of Claim 15 or 16, wherein determining the mass

thickness is based on the actual attenuation of the radiations.

19. The method of Claim 15 or 16, wherein selecting weighting factors for
the detection values means the smaller the mass thickness is, the smaller the
weighting factor for the detection values of high-energy radiations are, and the

larger the weighting factors for the detection values of low-energy radiations
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10 mul ti-energy radiations and the object under

i nspection, and form ng i mages corresponding to the

X-rays having different energy |levels; substituting a

part of the detection values into a predeterm ned
calibration function to determ ne the mass thickness

aje; whdleothieelargemthe swsscthicipeassiighthengntadler dhe weighting factors
det.ecti,on val ues based on the mass, 15 thickness to

e Bt SO Lede BT AV gl A iatees RBuaith the larger the
ARG Factors TARe cetectlfy s o fiin Er@ld) iialiohie 3%

into corresponding color levels in color inage. 20 17.

The nmethod of Claim 15 or 16, wherein the multi-energy
conp0i desappardtesidor impletnértare the enethgy farviekpeoting an object
energy spectra. 18. The nmethod of Claim 15 or 16,

Uiirg BiuitigeesanTadiaonnef mais 125 the@RRES®HTi s based on
the_actual attenuation of the radiatjons. 19. The

ot RaE O ragialih pRuEsE 68 ocnace i nauliEterah aRlRETng

fac t I ns; .

t ho e bl moREIE S’ PRl T e TR S RSl “utti-energy
rhdieitiohsf or the detection val ues of high-energy

radi ations are, and the 30 |arger the weighting

f acaop®dessot heoruetcded i ton thel detectdr Inovddeengpy for processing
radiations 23 are; while the |arger the nass

defeeiesglves efeingdmiafier thie intaraptiemgbetiaedy dher grulti-energy

HBER Gt . e ARR BB e B! ALORRR B SiprE e
I fucBi 38y | g | are. 20. An

e o, B M SRBRE 2 Pr i nspecting

an abieatrol Usjstgmmudrine@tad 0o Itaei ahdR®Ofsddreé Mdr Whanging
15 conprising: a set of radiation source for

operting patpmelers oéite ¢adiation soumes; a detect or nodul e

array adapted to detect simultaneously multi-energy
radi ati ons; 10 a processor connected to the detector

oSG M BB FHEEL B, MEEER Y Ve

least three different energy levels or energy spectra.

22. The apparatus of Claim 20, wherein the multi-energy comprises at

least three different energy levels energy spectra.

23. The apparatus of any one of Claims 20 to 22, wherein the detector
module array is a multi-layered multi-crystal detector compounded of different

crystals.

24. The apparatus of Claim 23, wherein the different crystals of the

detector module array are spaced from each other by filter sheets.

25. The apparatus of any one of Claims 20 to 22, wherein the radiation

24



10

15

20

25

30

radi ations with an object under inspection so as to
obtain material attribute and/or produce gray-scale

i mges of the object; and a control system connected
to the radiation source for changing 15 operating
paraneters of the radiation source. 21. The apparatus
SPUTCe i tradioagtive ésaiop@e nul ti-energy conprises at

| east three different energy |evels or energy spectra.
20 22 The apparatus of C aim 20, wherein the

% QoSN SHCRli | BBk LT RIS source s 2

energy energy spec e appar us  of

comebiahtiSh aiofsthe0 rbano%%twéhercﬁweé hgf detrerdrar eléfﬁéhlﬂse and the
array is a multi-layered nulti-crystal detector

redm{ol@mdtajnrmg différéet energy2Bveisyareagenerated fhenaking the different
pparatus of Claim23, wherein the different crystals

rafﬂqaﬁé've deatepesPags dos ol theyslatseofa selimate oim @ dipre series.

other by filter sheets. 30 25. The apparatus of any

one of Clainms 20 to 22, wherein the radiation 24

SOUpEETHE aﬁghﬁaSL 'aH? déﬁegb? RYaintd ZOTﬂBeZQp%"e%leth%f radiation

Cl al m 25, erelnt t1on source

SOt Qtdroacoélerder rcapadas of \enittsy @@@Stl@ﬁs didvig entontinuous
el ements, and the 5 radiations having different
eewemgypﬁetretrslnawelcge’nepecm epengykewelstpgreddinfifiateent

radi oacti ve isotopes pass through the slots of a

collimator in a tine series 27. The apparatus of any

one, @f whe di ation our ¢

"a28 IS pataly s ap Tl T i iy Mt Blerel® icfudes an
e'?@‘r‘gyngf)écﬁgl"ht r'n%HﬁHa?or ﬁcﬂ rﬁB&ﬁ%anq]@RﬁEté' y ggé'ﬂrﬁll?\ in front end of
respective energy | evels predontnat e

tpadiatios exdit. Gl ai m 27, wherein the accelerator

i ncl udes an energy spectrum nodul ator for nodul ati ng

the energy spectrumin front end of the radiation

LR N BT R RE R

source is an X-ray machine.

30. The apparatus of Claim 29, wherein the X-ray machine includes an
energy spectrum modulator for modulating the energy spectrum in front end of

the radiation exit.

31. The apparatus of Claim 28, wherein the energy spectrum modulator
has a shape of a wheel, with vanes formed of different modulation materials
and rotating around an axis in the time series corresponding to the radiations

having the corresponding energy levels.

32. The apparatus of Claim 30, wherein the energy spectrum modulator
has a shape of a wheel, with vanes formed of different modulation materials

and rotating around an axis in the time series corresponding to the radiations
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30. The apparatus of Caim29, wherein the X-ray

machi ne i ncludes an 20 energy spectrum nodul ator for
nodul ati ng the energy spectrumin front end of the

radi ation exit. 31. The apparatus of Caim 28, wherein

the energy spectrum nodul ator has a shape of a wheel,

hgvirg thenesrrésponrdingfendgirgy éavels. nodul ati on material s

25 and rotating around an axis in the tinme series
corresponding to the radiations having the

COrkgs ' vV ells,. -

a arh S0 SHrE Br KT Y, viferel Fhe 8BRIAY. BBeBlrym moduator
syRBRRo e thBeBkanVidrhiskRiteoff teTREdRItioAl SbaF@Ntwith the signal
nodul ation materials 30 and rotating around an axis
dofflettien off thee sletectsr bytraaspattoigng ttiggehsignatitcadicomérol 8gstem of
havi ng the correspondi ng energy levels. 33. The

thp padiatian seurce anshaeollegiionesianahte @eentjpliepeltheudgtector.
nodul at or synchroni zes the beam em ssion of the

radi ation source with the signal 5 collection of the

det ?&t ?F\?bé/;%é]agrgﬂﬁnw 'dlé]i% %St, r\l\i/tgaqgfn ﬁ%@%ﬂh@&s?g%@ﬂ“ ﬂ'lodulator

system o radiration source and a co

Hedsgaadhape af aoRhéedl vath Qhnéseorre € Wfdiffeht MbBulation materials

apparatus of C aim 33, wherein the energy spectrum

amadidtating arbarsd ansivapen dhe dimdserieswadrrespomesnd b thezl radiations

of different nodul ation materials 10 and rotating

haviiththeafoARPRONGING IBNSrgYIEVEAS i es corresponding to the

radi ati ons having the correspondi ng energy | evels.

35. The apparatus of C aim 20, wherein when receiving

the trigger signal,, the ntrol system sends . .

i rméﬁ N8 9PRAAYR Of SdRIgt BN WOSIRIBVERR resqjiinasthestgigger signal,
r ngdi. L ffex y :

FRLTIRTEI B S e8 PhineBilly AL 2@¥fbE FerkBhe signais

cOPRIspbhBhtat 8 diferehfce @By Rivels Qo ANt ARE Ridiation source

Clainms 20 to 22, wherein each detection value of

opiefrdtesantthemesgpbleevpémting dthtest ransm ssion intensity

obtai ned after the 20 radiations penetrate. through

t he obj ect under inspection. 26

36. The apparatus of any one of Claims 20 to 22, wherein each detection
value of different energy levels is the transmission intensity obtained after the

radiations penetrate through the object under inspection.
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