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METHOD AND APPARATUS FOR INSPECTING OBJECTS USING
MULTI-ENERGY RADIATION 5 FIELD OF THE INVENTION The present
invention relates to a method for inspecting a large object using
multi-energy radiations and an apparatus thereof, more specifically, to a
method capable of identifying and imaging materials in a large or
medium-sized object, such as cargo or air cargo containers, by utilizing

10 migdi-enRIEY AN RS FXHEATSEGH ARSPEEANEOBIECTS USING
BACKGROUND OF THE INVENTION The commonly used existing cargo

inspection system, which\gjiBfRN SS9 R ICEHRIOY, generally

causes a single energy radiations to 15 interact with the inspected object,

detects th_e radla_ttlons w EPBVSWHWW anpec_ted object, and

then obtains an image. eflecting the change

in shape asskmass digknese Rt éhe tiospasieth RPIRAL iNOYRYRYg ikCaYhe object

identify materials in the object. It is well known that when X-rays with
usdfftereritesagigleveriaHiRnact DAt Lo RIP6BjEt IREaeS URARE SRRGEAFally, to a
miSAgiondageiated 19 he material adbute ol e oS TS e 2 targe or

INteraction'between X-rays a e same material varies with the energy
meldangeseiedraysiethe prebakilitycaitiovichaphaiaagoissiomaicersptoy utilizing

and electron pair effects would occur predominate respectively in different
meRERESPBIRRIZIMG tRAFatHY 3iod areaBHIaB edhersefto the 25 atomic

number of the material. The specific interaction relationship between

X-rays and object is expressed by Equation (1): F mtm =-In(-11) ... (1)

10 where tm represaBwsOR@R Olidk e SsoT HiE OXjEEN MO presents

equivalent 1 mass attenuation coefficient of this energy spectrum for

X-rb§ awemté&_%é%ﬁféﬁfé@opﬁ‘f@%bj@éf’ﬁﬁﬂ%d?&‘tﬁﬁﬁ"@néﬁ@%h" employs
rarcﬁ%q%%@\"\? t@@éﬂ%é@,\’aﬂ;@%erally causes a single energy radiations to

interact with the inspected object, detects the radiations which have interacted

with the inspected object, and then obtains an image. Such 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 objéct. 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):

e
Haty = =I0() e (1)

0

where 1, represents mass thickness of the object, u, represents equivalent
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of X-rays having certain energy after interacting with the object under
inspection, and If, represents the intensity value of the X-rays having
certain 5 energy before interacting with the object. It is obvious that the
respective influences from the material and the mass thickness of the

mabiestied b isyaeiriadoy tidlaradssesteasiather iy Ol dIsineelated

the radiations having a single energy. However, it is possible to obtain the

topretiatnily ahdbarnhiseicridd ahipien earsayn hasesanés the heiensdty value

X=rays haying. different energy levels and the material by .detecting ,the
Ofre%iﬁ%gr?t %? {/nsgaffeer%a'%ys iNtetact v%h 'trr]}ee [) c%&g a})16(|jgrt}1g:rﬁegbygo b[% ¢t under
inSstRtpininghthe Naisdlaaitshute piitesppieciiue smelksixadjiggpagmg certain

inspection system, the identification for the material of object under

eﬁﬁé@b(ﬁﬁfﬁfﬁﬁsiﬁéﬁlﬁ@ﬁﬂ@y%éb BTeXOI*%i%KNit.h two different energy levels.
g'lﬂ}rli:/ & %Eﬁ\%%% Ffl}eaqet exsegtk]%(léi R iﬂ?ﬁ%%ggqpoﬁ%’i% Fﬂa%eriQPl% néingwe mass

cient to penetrate hro ems ofr large mass ness at a

thibKsebis epproast|dst ivapnlipabiistinexasno g iangeaormesliyfnesizedich other
objects, such as containers and air containers. Several years ago, Paten

i DBbUHREAY 1e S 5IRNS3)rbjsbSed BISD BGTHaMEHRYRE SEuRgssible 0
otlgfl-SRera %br%ims/a% '%d'gﬁé%g%‘%f%hlﬂﬁ@aF@é‘&%tohas occurred

recognize the material attribute of large-sized objects. In such a system,
béwesetsxofdixedh Xviay stiffenes ed dngyclavespandinthgronpte radldeyediste cting
arrays are provided. The two X-ray machines provide two X-ray beam

thithediéadht Snesy IS, dH@SoneiBraREendiy t@@ae%@fﬁbh&nés thereby
d%%ﬁﬁ?%tpﬁe% FOL S MPIe QU RS e ERRIIBISNELS $° URY|28ZdRe luggage

. Then, the average atomic number of the material is
indptartininey d npdkiegden éfratiore dted heokaa fetédle babgeLbu tkie ratispe ction

e e o D e BSOSOt g, e

eﬁ\é/faﬂa@ut?fs Rf JRIECIURY TRy S 3%, 1S £stBRd Bas nRideamwiEdalYto penetrate
applied since it Is disclosed in 1993. 2 Ih order to overcome the problems

thob cgmptexnstrodtuergexpeasivetciostness at all, and thus this approach is

inapplicable to examining large or medium-sized objects, such as containers

and air containers.

Several years ago, Patent Document 1 (US 5,524,133) proposed a
technical concept that two high-energy X-ray beams with different energy
levels are used to recognize the material attribute of large-sized 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.

2



10

15

20

25

30

etc., Patent Document 2 (WO 00/437600) and Patent Document 3 (US
6,069,936) proposed to obtain two X-ray beams by modulating the X-ray
beams generated from one accelerator through a filter. Both of technical 5
concepts of Patent Document 2 and Patent Document 3 are to use a

singleo Rfeler 3l o piaiReX gy RaAN D hAVRED fiffes gt anerg¥pEalsive cost,
However, the two X-ray beams obtained by filtering the X-ray beams

etasin§ atenfiitétomonatdd DnMHadt@ié ftBP Aavanimiftatartelepedmettieid (US

r ectra, thereby restricting the,scope for an accurate material
6 Bk STOP el SEktINeNTd (VG S0BTUI015% A) Brbpoteaing X 12y
beRREagknelNbtAIRIe duakeacupierdfys hasr@RndraugingBsaneof technical
LINAC. It demonstrates the feasibility to obtain two X-ray beams with

cafiferift @hBigie BvBRWYNABEAS 35Kh Ritglet deesiengst. Paemtto use a single
Document.5 (WQ. A isclo '
oSEBRS MRARIPS R AR IR s v

twajoMieayrsbamsnaserisise th Batdiltdroaymast X-sestatisticakfunstinn ive filter
given, and a threshold is adjusted based on the selected standard

MEaieEdedor R ASERIS HREiANLaH 8oL g raRasuRh i elafiegR BRECLa,
igh- i ' is.hi . 20 All
o e BT %)

usePataadidionsmantng tiw QiffecHn/eertydends, mophisedhen approach of
determination is made as to whether the object is suspect by computing

ohiaininac HaleRn 8N SuRYSNARESHQ RitfansHnth &gy advii& tn PAtgmONstrates
th@%grsqgﬂﬁ} 188h EAeR S %ﬂ%éﬁ@%ﬁmﬂ@@% &@%@W@@é%? means

manner of, for 25 example ng up a look-up table based on the ratio
oftetsvegle thedsieratetection results, so as to determine whether the object
contains suspicious material. However, because of the Jimitation of th
B %%’é% ghﬁ(fea ?\igh and

endraieiRlROGHRAR ™ -Pay VBB UG B&isting treteRIRGPEF Sr
dFHRBRE Sy FRe HER that Ay iUEITB Rt OCEHES BhiBis resthashiaemiiie-z (high

object to'be detected is seriously 30 intermixed, of when the object has a
atemmad masb dhickredssisdcdordiadetot tBocBment 5, a statistical function is given,
and a threshold is adjusted based on the selected standard variance for
balancing sensitivity and accuracy, and further warning of the high-Z material
whose atomic number is higher than a preset value.

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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judging method using the ratio between two detected values, the same
function form is unable to distinguish the detected values' difference
between different materials, and meanwhile, there exists probability that
the ratios between different materials are the same. This will lead to an

julAREHrAB RS IRRIRY rasult Mereg¥Ricdnce o makiabrangeds WiHeN same
the two energy levels are sensitive is limited, it is impossible to accurately
fuinietigify footh theuralarid Wighng riate tiags de theiesdmeltiase. difavenagr petween

OF THE INVENTION 10 In vi f the ab , th tin ' ,
o AN ENIONA Bl bore M PESLAGHIELYRS ot

bdRrRestingrmhisst Ysing rltipaetg¥ radiaionsnadain APRRrasUS HNeRaRkurate

in which radiation beams with various energy levels are utilized to interact
deféthtihe objedt, Ahdrdmietheinaeiigionatesin iLngsd to peidinthg dweesnergy

fitting computation and.analysis, 15 thereby. realjzing the identification for
le&ﬁ*@r@ﬁ? Sfégllgiéeiﬁsa' ié%éiﬁgésampﬂﬁ%%%f@ﬂkg r?qgﬁy 82 r&chv%nﬁ% Both the
lolNSRRENGINT iFsEsriARCatding éa e agpect 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 inspeg@ml\%g Q@t%ﬁnﬂ_@q,@ﬁ@ﬁ@ﬁetection values

after an interaction be = i and the object
undervigrestianesabstititifiteaedion afubatitriesten dehesAnt®Bject of the
predetermined calibration function to obtain information comprising

PreseRly investamTtitUR; @ﬁ%@@er_minmgmﬁmefomdt&%%ﬁﬂﬂbu@@w using
mmﬁ.%ws%vrg@e%massao éﬁ?gﬁa{}e@%ﬁé‘ﬁ%%%l& f%@%@%n beams

corresponding 1o the rformati e Information further

wianariess reassdhicknessdrdoutiatian tofitherakjedtt i teterabycthand then the
_ calibration function is a fitting function of the detection values obtained _
InfgractiRnyABRiIbIS HaShICIRRISHE R RYYYEVBIENSEARRNIRISD ANhARAIYSTS,

th@raésyq]eélizing the identification for different materials in a wide range and

further the non-destructive inspection on items.

According to an 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 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 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

objerLrarH LT ISASGHME PEeaaA i JReTBY S NPRINCARRSISEF SidRREnergy

three different energy levels or energy spectra. Preferably, each detection
levalseaobtaine disée rithefititegathiercalitir die robjectisnhandaindatiastorg with the

intensity obtained after the radiati te the . 10, ohject. Preferably,
KTEAER ARRLEH i RS Bt Bl RSB ORGh (IL Col R PR, Paving

di#@%@'%@?ﬁ?t%@é obsainer Afisidhectadjalians prRNeHate{Be ORIeRE object
Preferably, thé energy band is referred as a specific energy band 15
urnderasispedingnto certain material, and in the energy band, the detection
valt_[ges as %res It of th tinteraction between thet rzfldia jons and C}I%F ¢
mateAsFEaRe G }'Sﬁférr%%cgo\mf)erﬁsggm%aree@ T the detéction 1+ €Ner9y
levaldas fonetgrspeiiedals. Preferably, the set of functions are referred as
functions capable of 20 amplifying the distinction between the detected

valiiesferaisramanataiansiopremblybiadnast @mhdﬂ@n@é%%tﬂeﬁewith the
otgcsg;c 'frse r&rét {lrjnctmrll %5809%?]5‘#5%0(%%'% }Jnsecﬁj g%e?%%%ff@iﬂ'a%o i%;%}%trate the

rrespondingl?/ 06 jects havin erent mass thickness. Pre
obfggource of the radiations is a radioactive isotope. 25 Preferably, the

source of the radiations is an accelerator. Preferably, the source of the

radiieRER KnSashy IRt XakérdrRiabnasbieadpeciietretion with the
ol'?ﬁ]]é/c?tntt'soﬂ*\éhﬁé% %Bé%Yé‘?\eﬂw?e%ﬂgocﬁMé%@épa??é'P%“rQBhSﬁo%% netrate the
ulti-energy radiations comprising the steps of: causing multi-energy
obspsiations to interact with an object under inspection; 30 detecting and
recording detection values after the interaction between the
Preferably, the energy band is referred as a specific energy band
corresponding to certain material, and in the energy band, the detection
values as a result of the interaction between the radiations and the 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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5 multi-energy radiations and the object under inspection, and forming
images corresponding to the X-rays having different energy levels;
substituting a part of the detection values into a predetermined calibration
function to determine the mass thickness of the object; and selecting

m t‘ﬁ[%wl’}i%iféﬁﬁ%%@%?ﬁ%@%%‘@'tﬁ%??ﬁﬁ%ﬁ%ﬁ& Wiyel ?B%g?giﬁmages

0 com he Images so as to obtain more accurate gréy-scale im

cdrrefgrabtiintheomathod faythancogpdigiecea istareed gdeversingubstituting a part
gray-scale image into corresponding color levels in color image.

ofHhaeiattplipe MallirerBigycarssiidesainedstalpralirtdhnehionydedeigrmine
thd rﬂésee{m@ﬂssg%f’ft‘ﬁ@%‘@ééﬂ“ﬁﬁa'%@%@gﬁi@@gﬁﬁgg Sq8r the

on the actual attenuation of radiations. Pr ting
ddestticnfonthe detestionuate srasanhitie esnatbec dhebinasththickagss iso as to

the smaller the weighting factor for the 15 detection values of high-energy
OREUMMNE FEeCUIRITHY BYrGERIRMRRShting factors for the detection values

of IBrefenatdy, ratiationsthoe; Vitnitadhe dagep rikie gnass stepknelSsaisntieeting  the

smaller the weighting factors for the detection values of low-energy

9r@a)@%ﬁ@ﬁs"ar%e%h@fﬂq@qa@%}%@mi@ﬁmd%aeﬂar@fap'méraaee%non
valpeseof g}l-ﬁ{@m&@@'ﬁe B FRsBecrding f9w!l RROtBRE @kﬁ)e?gy levels

of the invention, there is provided an apparatus for inspecting an objec
orusirey gy eprexteagy radiations comprising: a set of radiation source for
generating multi-energy radiations; a detector module array aﬂagted to
n

defat& SRR &SI e ey HaS i BHE KBS Ro S s R 8RR fo 2Ctual
aﬁ@ﬁm&?ﬁ%ﬁ“&@%ﬁk’éﬁ argy dor processing detection 25 values obtained

after the interaction between the multi-energy radiations with an object
undirefesplbticresects gonabiting dieciairatidb te atelectwodialees means the

<A e s S oot 12 SRl oVET oMo 1o e
dSiRIeSH REnlRaabhr MgHTuHReraY eAdREsseatdpastibregrgéfetRBt weighting
fa?:?c?rrs%or the detection values of low-energy radiations are; while the lager
the mass thickness is, the smaller the weighting factors for the detection
values of low-energy radiations are, and the larger the weighting factors for
the detection values of high-energy radiations are.

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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30 levels or energy spectra. 6 Preferably, the detector module array is a

multi-layered multi-crystal detector compounded of different crystals.

Preferably, the different crystals of the detector module array are spaced

from each other by filter sheets. 5 Preferably, the radiation source is a

racbpasdivisotens. Reaietablymmdliationsayrae isaeembiapdarioitheti-crystal

radioactive isotopes of different elements, and the radiations having
deiffdertanenynded s beiferandransatals making the different radioactive

Isoﬁpr%?%lggfﬁ rt%ré)léﬁ&etpeen?lg;[ssgig 8?”(\5%615)&@0?0?%9?8%1@%r.?’é)xgare spaced

Prefera y, the radiation soufrce’Is an accelerator capab e of emit

fréadindiond ity dkentneeyus energy spectrum in which respective
energy levels predominate. Preferably, accelerator includes an energy

spEsgimrabbidiiecR R iInD AatrRy iﬁ@_éﬁ@i@@%ty@c{mn?from end of
th%%#ﬁ%%w %%Bﬁeégﬁ%'gwghs &%%\Raﬁ&Hr&ﬁwe%aﬁaségmaqgggsrpes of

Prefera e X-ray machine includes an energy spectrum modulator fo
diffindulatisigrienenergyspeetruadia fioms end\ohthediffidiation exéirgy levels are
Preferabl}é,ﬁéhe energ%/ spectrum modulator has a shape of a wheel, with

genmiadaerRedakingebatdiilricntiadivaetids 'aRtPRAAPRSSSIRYgR the slots
Ofaé(ig&'ﬁin@@?q,{i@%r%%riﬁér&fgresponding to the radiations having the
S

corresponding energy levels. Preferably, the energy spectrum modulator
syrifufenizely, thé demrdiatinisssan nfdeh ésratatacsieuate withphblsiguile mitting
collection of the detector by transmitting a trigger signal to a control

ragliafiansoNAY MmN EBHRYS AR Y5 SREEHEN LghAES J RIRGOILT sneray

Iemsefsdﬁ@ﬁ iRLgferably, when receiving the trigger signal, the control
system sends immediately to the radiation source the signals

corPespenadilyy tatoe diffecentinehedgy leaols spetgt thp eadiation vogreator for
mg%qg%%ensgi?htg %gg%r;ﬂ %lge%ﬁ)ﬁlrr%ﬁtrr]wgfront end of the radiation exit.

Preferably, the radiation source is an X-ray machine.

Preferably, the X-ray machine includes an energy spectrum modulator for
modulating the energy spectrum in front end of the radiation 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
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states. 30 Preferably, each detection value of different energy levels is the
7 transmission intensity obtained after the radiations penetrate through the
object under inspection. By using X-rays with different energy levels or
energy spectra to identify materials of the object, different optimum

tr SRS D8RI iandisfinguisiig cafe? ReemRIRYadler 55%?9@&5‘(@ through the
|

materials, which can' improve the accuracy for material distinguishing to a
olgetiendentnstoeetiver, the combined effect of material attribute and

T S RS BRI Rl e

mafsHEAS LR siakdigingdish Bistthaiha BHETST 94 feieriedLANglHesing can
for multi-energy X-rays are employed to fit curves for material
bedemifitatrsh. foT aesitientividoatey Rilsctivhicht trNségRTeval fengccuracy for

functigns. gbtained. from the detected values pf the known materials
mabelisl SUSRHERIOS 1R Rl mter MRS i n R Tl g fect of
matiiall nReRsHIeMantvaliess atidry assecondary deleidninatian apd tuse the

~ special 15 processing for thickness, the errors due to direct interpolation
ingis esdiongaipthetattesindbaestlicedyes thdaweyricyfosniaegirial to the

SR SRS PR BY AP e RNV AEB B etectea

erent energy levels Iinterac materials, an

vaASigNiRg diffeneriiueighting fgetomréo @0 higheeneatgyfandlovesnésgy material
data respectively, clear gray-scale images and color images with rich color

idrEficatiaraidd BEdtanireineR MadHaRIRASIR] Hheargerummirsiting functions
ok(r)jrt]ﬁ] %H\|q§8§]sst easggt%gtg'r{ife(%hggj% ft‘?urém(ﬁﬁ'fg{%d'ﬁ%i@}%go%e ves as

ifferent modulation materials are utilized to mo te energy spectra for

célifeaerbanergielsveisnf Betheverays generaipthbiyriheisicdriseatoron  actual
thereby gaining an optimum effect of energy spectrum modulation and an

MERANIRMEREYS 'YEEctrffl 1t dRCARTRRARGMERIAERIANRHRRades special
p%Egrsss\ﬂéhf%F'%Icﬂﬁggg,"woé}rors due to direct interpolation and looking up

a table can be reduced and the accuracy for material identification can be
improved.

By obtaining the detection values after X-rays with different energy levels
interact with materials, and by assigning different weighting factors to
high-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 discrimination
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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results due to the energy spectrum scattering of radiations. The
multi-layered detector is able to further enhance detection effects for 30
radiations with different energy levels, thereby improving detection effects
and 8 accuracy. BREIF DESCRIPTION OF THE DRAWINGS Fig. 1is a
adg@,fgg)giagram of an apparatus for inspecting object using 5 multi-energy
radiations according to an embodiment of the present invention; Fig. 2 is
a top view of an energy spectrum modulator for modulating multi-energy

ming chart o WAL L HIEE G g oty SRR moculator to

thepggntiol systemiild Gidgtdmasichematicatagramefingaieat febject using
implementing an accurate detection of multi-energy radiations according
mtdtaangni dadieiiosiaies oprskeattimeena o FgNs Rhehid givepsemctiviention;

curves qf the relation betwegn radiation enerqy. levels and r .
ang! lr%‘a?s ﬁﬁicakntggs OFMaterial withivthe pﬁg %H |rene1rc1)grud>£/re§5nc§) ;}bF“i*éngIatmg

meftpwaayeRdanatianscacresdwlied arediifssanhiamothmidnpFegent inbthetion;
relation between radiation energy levels and the attribute and mass

thidkGess oF rAatbrilg i tRé Erergignald Gaith 1o heHeficRIgpdy Spectrum

distingui igh-Z materials; 20 Fig. 7 is an overall flowchart of the
mB_rgouc%%:%rinovg/qﬂlgcﬁ%ter%Fe%g%ﬁ%ﬁ\/alues of several radiation beams having

differgniepeigcleyelatarelisgtio dmpleatentondteariahdisonientiagicm andurate

Fig. 8 is an overall flowchart of a method for adjusting images by use of
detRClitomeAtioh-dir AfFRIEnt AR itNsk RO SHNSE o pppembodiment of the
pljgggr%ﬁwéqg) OF THE PREFERRED EMBODIMENTS According to the

present invenfioh, during scanning the container cargo,

Fig. 5 shows given function curves of the relation between radiation

energy levels and the attribute and mass thickness of materials within the
entire energy band;,

Fig. 6 shows given function curves, which are different from that in Fig. 5,
of the relation between radiation energy levels and the attribute and mass
thickness of materials 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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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 30 after X-rays penetrate through the container cargo. In order to
discriminate the 9 materials of the inspected object, the key is that the

m; ?&ﬁ!ﬂ&at&f ARNGHIES SRV iRk A RERALS fRaving FHECTSOLORREW: generates

evels, and then the X-rays interact with the inspected object at the same
sepasitibriXthaye dreand ahavang uchfdyaddtemeddyy thealeteatnd. thieig. thés X-rays

. profile diagram of an apparatus for inspecting object usi Iti-
infRERh oM ARG RS AR AR heRh o s FrBEe AR oo 1R (g and 2re

2 @ PRSIPRIICIRRR ORRERRIR &RYS having different energy levels by

changing its operating parameters. The operating parameters of the
acdalgpratoisl arprofiimghddiga cohtrol sypana sl foThe spestitigg @ees using

corresponding 1o the cases of the accelerator generating different ener .
eRAREGY LA LA g & &R R ORI el RREF dgivention
|nsr9@al1$,éhea%éﬁ@da%w%sg@ﬁéHmme\d@f&/m\m@ Asreleratankihg levels

signals corresponding to different energy levels to cause the accelerator

byl oheragdsdn ithe ppGuHBACORALAIMG ttases TTRe apestdiatorpaIgmetans aof the

9 coeﬁ]é)leflon mstrucﬁlon to the controg sg;r{stem 4 eren it completes the

& %rn1o?5?-r%y§r\/9ﬁlq §’;¥e%iﬁ8 Bh g%}’ ?et\%‘Ps Ih the required operating

statgge TBE@FaWQ appesatash by i pareieraloricaredbes nnodulatestcelerator

through the energy spectrum modulator 2, and optimized X-rays are
gomariod diltereaiaacroyiiesats diaxXer R paHY atdraePRATR AR Bahe/Vhen

ition in the .20 i d.pbj . The d [ .
T PR e R SRR o e

adesneciest abjpet Jighbr getestiporzigngin 1A feentherdaipetiendlard cause the
transferred to the workstation 13 over a network. At the workstation 13,

agrelataidred RraRIPolEE IBEUHIEA BREFHPSEIRIRRagCaRgcelerator 1
LR R et G W e s v
géhe egllinagonxsysiemibh te fesaifitareskaggdievels in the required operating
states. The X-rays generated by the accelerator 1 are then modulated through
the energy spectrum modulator 2, 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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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 30 to
modulate energy spectra with respect to multi-energy X-rays, the trigger

sidR=319nakd A0h10 gEt Sensrales W BRA9 Sy SRAGHUIMJINARMENON & tRalize

realize the synchronization between the beam emission of the accelerator
thanslytheh thtiz atitectetvetehe tb etdieamTRENE gy ehéoerumseatrigiorpnd the
daZtilize digeren gléateri?ls of energy 5 spectrum modulation for different

ﬂe‘?ﬁ 38 8@8 %%%?ﬁgof(-rays generated by the accelerator 1. As

shawg iR Figg¢. $pe LM QIR RASa2shane«y Witeek Mith Heardsbemenergy

a mesh-shaped hollow axis. The vanes, which are rotatable around the
SpdYure i btigiffertnt rdtRIRtbn enRieYial VER® th§edsiginldian X-rays

be sent to the controller of the accelerator. 10 Multi-energy X-ra
BRI bbby 1SsHGEENE St st D el ooy bl 2 has @

sHapterlsvAdel inigractiomkriveendhe Meaysaabthe el isxielatRskio/anes,
not only the X-rays' characteristics but also the object's attribute. As a

Whégilt adfferetatAiauRiRMetiBd R dRfEremasterg) Xiffgre nbilmagy lation
miteameetay sientippanalion slecks I fRe aMBfe SEFfE%Udeerator.
gniti anty e X-

materials absor rays having higher energy in energy

MsReeiiarifex-Hag enargynheadiddbe ippergyp spted uva digirimiion affthifferent
X-rays has a lower limit which is higher than some threshold of high

SRgTShyyTRSKURHRpIEIaENIAY), IBRZ iniReatdiensiaiueas Bisyeinayneand the
ob’j@%@%@e.fe'ﬂs/f;@%nagqho%[gamg %}gpg'sﬁﬁaﬁgé@e%ﬁséeg&#a ozﬁ\_%]%bject’s

nergy spectrum modulation material for this X-ray beam. Since hig
attridierdal g\ absasb Signifitasty thed(Haysrmhavitigskveral ditfedead-&edfgy X-rays
energy, when the energy band in the energy spectrum distribution of the

wil legd tRsaRiE] Ript ig‘ﬁ@%@i%r‘?%ﬁﬁ% threshold of low

A A e e A
hi¥H@y energy in energy spectra, when the energy band in the energy
spectrum distribution of the X-rays has a lower limit which is higher than some
threshold of high energy (for example, ~3MeV), low-Z materials, such as B,
polyethylene and other hydrogen-rich organic materials, should be selected as
the energy spectrum modulation material for this X-ray beam.

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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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 30 the accelerator 1, and each of the first type vanes used

ofg?éénﬁ%gljt&?ﬂo%’ nlstisérgdl géé%‘ﬁé"@%ﬂ?&‘iﬁo‘?&"ﬁ{@ ﬁ\%‘iﬂﬂgtm{tiﬁ%@ial of the

e modulation material of the first portion 14 can be selected as
firpblyetliylerd amch desetieétsay asvitb lyigihgicereagy altslerthat-cdythevith higher
second Eortion 15 can be selected as Pb and absorb scattering

engiponBHe hRtiIshEIRRBRANS RUTIRN R $aNiRG SRLFGIFSE agMd/and absorb

Sdgﬁgpp{gcgg S Natelials mé}eeﬁg}sgted to form the second type vanes
16 used for modulation. For X-rays having energy of 200KeV-1MeV, the

modotaeragsatbaainy eare hgysefect8M &bt theathiodyles vienesat@ridls can be
shown in Fig. 2, the three types of vanes are arranged around the axis
ol A Y VX SRR WaliRG rERBESIIE Sltity oL TR b O X-rays
h4VURRY RISV ey ZoBresieterMngdtRBIRo d DR RRAMIAIEN MaNe L 9 the selected

energy spectrum modulator rotate regularly around the axis 18. When
fooreeothire iy letioasydfed\sf shofirstityfegotatéheotarsatiynas pbynioas are

in front of the X- lane, a signal is tri hown.in the timi f
PR SE R HE B s BENTRIGESy STk e TAe BN Sy e e oY
leDaMnG Aierady engtay I8Vels. yiheerabhanaestigrd at an interval tl.

The energy spectrum modulator just rotates the next vane to the

stalibanyosbeatirnwanethefiitevanergtapeestimremattelades tigtateregularly

ela the modulation vane of first type rotates to the same.
o BB, AR S o B o A e R B atibype rotate
tocyclr b anedficy 20 heamof aeatiueys palse, Meagwhiles theggered as
triggered signal is also sent to the control system of the detector. The

shiamecttr iSheadieint sfark Fgndl colechsseiiaterrthirdnie dels)y Taggerates
S A e B e B Ao
an interval t1. The energy spectrum modulator just rotates the next vane to the
stationary position when the interval tielapses. Then, after the time t; elapse,
the modulation vane of the first type rotates to the same stationary position,
triggers a signal again and generates the emission cycle for the next X-ray
beam of continuous pulse. Meanwhile, the triggered signal is also sent to the
control system of the detector. The detector is caused to étart 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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25 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

thr arr, 0 collimatar in a time,series.. A in Ei
S A o R e oy Bl biereray
Xe8eyyasig alsp thesfjaihalt2esenBing pay fitstasubsufopaedial Telecryttal X-rays

and used to collect Iower-eneer;%y X-rays, and output signals exit from the

haviibinstiesR12s9% W biFRYS-HalRUGBING RighseasehgyRailt didvand the first
SRS e e oS R eats o

sHiterirmbwereehdrgy Kiearsgfoloesangyie repuséddys Gompeoarspadtecngsed by
The material of the filtration part 43 can be selected as Pb or W, CWO
Cerriancaraiesnecitdadnaesat sidedditglinm Rariiiian Semastesfed as

PHIGP ROV SURRAEBLH B ENGISERYS iS0gROsiedniNGSigR$H 8 U8 in which

second sensing part 44 exit from the second output part 45. The detection
alhfbsigaklsightainedglyytbepeteity anctlvenXered iistal¢pdsitbthafndagignals of

by an ADC and transferred to, the processing workstation 13. imag _
(e SCROER S B RO G B e b Lt Ak A R e tection
sifRIASIOPNAEBS LY iHle ARtk St BFHORSWEhB &/l RBeTeL HeHisaAfedata by an

calibrated based on the detection results of known materials to form 15

Alatond traveferepreketiing theassinonwbekstadiofundtions of the sets of

functions. As shown in Fig. 5, the functions in the set of functi
SO A0y TIRERSI - BALllS. ECURHRER il AR CINBIG IR e

ohai sRlgUIRtegE URIR0BINEionsas BasetionsurRemik(@ikinaiaergy bands
In(I"/Ino)1 (2) 20P =(/iumYy"+77pk)tlor P =la(Mm x pn)t (3)
amghegdisuiscripesadn candhe reisressinnhecgifiésenf dreoyinlevatesrls to form

SRR AT B TR R SR W s o
fUIREIERSNIAS BMSK N in Fig. 5, the functions in the set of functions can be
selected as any function. For example, x-coordinate and y-coordinate can be
calculated by using functions as Equations (2) and (3):

A=p xt=ax|In(l,/1,)] e (2)

P = (B, —yu, +nu )t or P =[A(u, x p,)t | - (3)
where subscripts m, n, and k represent the different energy levels of X-rays,
the symbols «,f,7,n7 and 1 are predetermined parameters for known material,
and ¢ represents mass thickness of the object, x represents a mass
attenuation coefficient, I, represents the values detected after X-rays having
Ny, energy interact with the object, and I,y represents the values detected
before X-rays having ny, 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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attenuation coefficient, In represents the values detected after X-rays
having 25 nth energy interact with the object, and Ino represents the
values detected before X-rays having nth energy interact with the object.
The resolutions between different functions in a set of functions vary with

indRe diferenicenendy shBatE ttRiiRAtHEe will e taeed R fnsinaiRdtthe resultant
Ifferent materials by means of functions calibrated for different materials.
fuBetidarirajuiaspeEionmhereéetadtivtheicaldon ted dralctivery legs [Eofofh@d&nown
13 inspected qbject are substituted into, the calibrated fungtions, and. the .
LB HERERA VAR 218 Lo BT AL SATtR g TG A gteria

Ion values

rafRjdNR&NovsR ARk thelgRydnaking a primary determination as to the

potential material range the inspected object belongs to. 5 The optimum
disthminptionenaligg bavioaliaie s netodifheredt vasrsiasth afifferent materials,

accordingly the function. models, selected for each of the ener
ARG SHOTIGT Ui TeE g B ik Lot BoTaoaayde are
difRlatian eRves o rErripRAingdosthe\anargyFgnd switableuerrates the function

distinguishing heavy metals. It is obvious that heavy metals can be easily

retsing Gishies K01 EBRIIRG ;59rt1ib§la?rféfﬁﬂo*haélﬂv@éiﬁﬁbllﬁsf@héiﬂi”9UiShing
hebaa}/nmee I bﬁslgdo%r\]/i@ sfﬁﬁsatfq?é%w.'%gt?ldgg@a %én%?é] @%Wﬂ%?ﬁé’hed by

appropriate forms o energy combination an the function relations

uiRf aRROpA g Hag Mentsearche durihethiseshiergpteemime Thesnatesiadi on the
_attribute with a higher accuracy. If the object has a smaller mass
flrﬁ’i'r&@f@%,'ﬂ@éia@&ﬁc%r'i&éﬂ@ln@qwg% tRatBRAIp iR AR B ViR TheNeraY

cc%affgﬁ;[ggb;l;h noé)j?!%Cﬂﬂ1Bﬁo%ﬁ'ej{&qﬁa%haé@?ﬂe%ﬁwgg ments can be

Ickness when the function va of the selected func n fall

fuihe cesath kediore ohihe toordim@iea ba tidienttheidittenbigtieT scoergcy.
small. In the case that the statistical fluctuation is high for the detection

restit8PIHE FhiASRSNANEIEBASAJRITER 23R ARPoBRUAGYiHY AGRHNKY the
LI L o i el
a \@tugksr thereb\tieickurisg thvé dae tiidichtinctiaccwogs of the selected function
relation fall into certain region of the coordinate, or when the attenuation is
very small. In the case that the statistical fluctuation is high for the detection
results of the interaction between radiation and an object having a smaller
mass thickness, a 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:
]m
1

P =axIn( )wﬁxln(jjﬂ—) e (4)
n0

m0
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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For example, for an object having a larger mass thickness, the function
expressed in Equation (4) can be selected: 25 P=axtn(l,, ) -,6 xIn(1™) (4)
Imo In0 For an object having a smaller mass thickness, the function
expressed in Equation (4) is not suitable. In this case, the function
expressed in %quation (5) }s selected: 14 P=(axIn(l.)-IxIn(1n

)X (@r{laHY-).~(B)x Infe Ao ek, H I, )epresent the values detected *** (5)
after X-rays inferact with th[eoobject; I"o, Imo represent the values

detected before X-rays interact wjth the object: a, /3, V. . .
B oA BV B SR bRt T ARty obiect
1, feterpinisgdhetmatpliabatiibiiacyithomli-enaray iNtsaystiyigxamigrict; o,

six different energy levels. At step S110, from the interactions between
y Depagsardvingdsitesnengyd kamisaierra-known material, certain function

relation of any threg (here the .number of X-rays, is equal to or more than.. .

e b CLOMaR SRS e 6 B bt dgh e gy M B R e eroute
wswmﬂﬂté%@%grxﬁwpg 59 bl theenaterirld tRdeninsperiipreistalibrated.

At step 5120, the object under inspection is scanned using X-rays having

six Rhsigp 16VE!S, ﬂﬁ@rﬂetbetdmﬁm@éi@_nﬁemt@@ﬁ@n Xdiags ARaingesix energy
leggeg%mgetgirg(ct@\gﬁ/v Wa%éF%%i@éﬁ%ﬁa H%Q%Hyré§¥ﬁ§hT egngg?i%% (here the

-rays are clas into two groups on the basi

n @RBIEY e velrtry eofe e asatnptes ibenaraywtasing fisss enarggilevelidhers two
X-ray having third enerfgg/ level and the X-ray having fourth energy level )
orafeuwlnSSIHERY ity e dfrsb 8rdbipls Bheer-fay ﬁﬁ\ﬁﬁg%é@% 8RR} [B\rematerial

the X-ra %1 ving fi level and the X-ray having sixth energy level
URFe'c ggé |§é6|$1§tlio§ t ge@é%%)%]%d group. At 20 step S130 and 5140, the

detactingp Fues ofibresjesegavaispe edch @reup naredsubstguterbiygchaving
the above-described calibration function to determine .
six energy levels. The detector collects the detection values after the object
interacting with X-rays having six energy levels. Then, at step $130, the
X-rays are classified into two groups on the basis of the energy level thereof.
For example, the X-ray having first energy level, the X-ray having third energy
level and the X-ray having fourth energy level are classified 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 $130 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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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 25 used to determine whether the object contains the

atEesoRd matenal. AbsteRaPApR, ifdretHetarstinatiesricasulie e reysundhiens of
two groups can be Cu and W, respectively, the detection values of energy
dataatisnvhviat ase ohdre aystawiéhior the apatinure GIEN reapgetivaigh as the

d also f i lati itabl .
TR SR S AR IR R o ener

leAteral, the Xetay hunatiensref deientionsmjyas wtiXdpysewiilsythe to further
optimum energy range, such as the X-rays having the second ener

digssén it -thgs Malpgaheibiluwaer§erIe\ng atRCGRAIX MEEHalIN %19‘39’[5 of

B 20 eI e A e, o

ay/aheeX ohysraysinihietfeuopiimuengnigyl rahges-sagh f@sving Xeafikh energy
having the fourth energy level, the X-rays having the fifth energy level and

lewel Ry HRaSTERAKAL BRI AR BMIRKFL A rGioyed to further
dig@%ﬁ%ig%t%gm@ﬁg E%EH!HHEQ 10 The further discrimination may gain

a determination result that one of Cu and W isn't suitable for associated
funcliae feldtion disisiappatéot thetyfgdien ideteasimg Boenpsleveimtane of Cu
make the domains more finely divided. It can be seen from the

an@ipaisbir taPIRC eARSa JRLTe e BRefgRHathel yarRa Ehtiabik rther
ing%é%ﬁ\é%%l@%%%' PEYER SBISHRIRRLIRR ASHIHERY dRNidER. It can be

Iscriminating material attribute. Finally, in order to obtain clear image
sadthizavhjéict, sevepalistagtsabiitaimeetbydcdrsetectirgobiesoyitangesyby use
having different energy levels can combined er tq generate

( t t
o LR AT G A e MW G S REGTP Bringyracy for
diém\‘% e, caRaRIIN G, 2R penetrate through the object and the

detection values obtained by penetrating through the object having a
largémalips thickrkegs is nobraincctieste. iMagefaré, the object, several images

obtained by scanning the object with X-rays having different energy levels can
be combined together to generate resultant image having high quality.

As it is well known, the high energy X-rays have more capability to
penetrate through the object and the detection values obtained by penetrating
through the object having a large mass thickness is 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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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 25 generated. However, such a drawback can just be remedied by

the,graysseate 1MagR) wsaines BnpersiEaing ko the sbject YWthd@mined.

energy X-rays. Fig. 8 is an overall flowchart of a method for adjusting
F amagesipye,stisfdeierimioedatibe ive diffierena ssalichivkee g, dihjedimagarge or

[ h in Eig. 8 bi ther th | .
I B0 IR AR R O50 hrra BE LR IRIGE 1rfco ARS dhigkBpss of
oSS Hirkpeseickb MintaPsapRidkandBR20ithadnaiesialatishute ofdhsus, for

object is determined. For example, it is determined whether the mass
exhivikiess of djectistaryeesenthlerkel omkie, bhsisobiesd itennatitsred as

degree, hi f_obj determi imately, [f .
A i LA TS GRS e TS R aL Bl i Bt hr XAl s
la¥glieiHhg ehiegrisseansidaed ds,/dlawnene latge cnasscihrieinessd It eaving a

attenuation is little, for example it is larger than the preset threshold
sioallig)aise BuEeteseonsidered as having a small mass thickness. At step

5230, {or e pgienal hadng & sl mass tickoss. @ stalh ncse. o small

weighting'fac as 0 IS assigne ection values o
wHRflRIHYyohersrencind & Bogeriyeigblfigtaawrisechste didn ivassignsttained
to the detection values obtained under low energy. At step S240, for the
ureifs ch ISV RREADMr GEIchadarafereighinariRst Al esyRting Tacor dachsaigned to
70% s assian ecti I ined 15 under high energy,
thgn éegrﬁ%ﬁgf%v%%h%ﬁtgg @%&%&%ﬁ%ﬁ g)?s%@oél assigned to the detection

valpgssebiaised pinger low engegy. RhemapatstepdsiShasbighiekesgy, a larger
image and a low energy image are combined tor%ether in accordance with

weHahisig HRsdoraclor t8 Y et BheSuBaN anesh davHien FRis atiagherlyesigotained
u@@ﬁeﬁ Qs eRe g AROVE S IFRIRSCNL YN RCROPRATER e S598 LU signed to
the detection values obtained under low energy.

Then, at step S250, a high energy image and a low energy image are
combined together in accordance with the weighting factors to get a resultant
image which has a higher quality.

As described above, the present invention compares the detection values
obtained after the 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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obtained after the 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. 25

imbgereione aihpughiesimagesdetasisd Eomdha X says hraving dibietrBt object

energy levels has different image features, the method of the present
in invechicrachrpgeti anrdsultang enadgfendthdsigh mesisytipaktivedsr fiontheach other.

bject havir, thick diff tf h other,,| ition,
e S SCELIE AR ol g SEERIR] 0 ETF SR BN, L af beams
wifl) SRIERSRPBARNGS RRINECH BIGY-SGBIRSRIAM APt WRIBWith IHENs Ahe object,

clear gray 17 images and color images with rich color levels can be
respeaitivdljor Ahdelsielstr idethih dheh ¥oriprial kagepaiftiratre ithrough the

mass thickness fram each other. As desgribed abqve, an accelerator_, .
O o A A e S 5 S A B, BL TR SETos aRnigve the
diSERSEAHEBHYIINBEAG MhdhgteRNe0bfasle i spepresd\EHyed detector

detects the X-ray that has penetrated through the object, and the

detBtionoesaitatoarcayz 66 Reid i dbss sie trachfeseMBER IdisEAMiRgasHS, over

in the material attribute of the jnspected pbject. . The accel rc ;
e R L e R T gt

paRERRerEpNSHERIIMBIA: Bchargig dTeCpsystiggndhpadapyethes accelerator
thereof. Since the energy of X-rays I‘%enerated by the accelerator has a

hagaivelgtiviely sistarsRe didntheapd JbRIcHT BREHINEY BCHRIESS Witkk-rays with
ot%Weéf%@ fXé%é‘?é%‘\'/‘é@';grﬂ@ fete 18 ;Q%%dd % H?ﬁ&?@égéﬁﬂé’fﬁgﬁg ABATof the

e with requir gy in the X-ray spectrum by mea

X-289s0yvishecsgum srpdinatign, frorteraysrajthgifetanhemngrgmiemeds,of energy
different 15 materials are used for modulation to obtain optimized X-rays.
spRAkEE) ugkeg WatiaRnt FadioXctRkSel diBnts IS iRBLBINEIGY séRYEtSof different

i SERL R SO R A, oo
diﬁé@éiwsi'xdiﬁma/éﬂeIé&ﬂﬁamsgaﬂemeddﬁyuﬁbﬂ actatesatouigferent energy levels
doesn’t require the energy spectrum modulation. However, the selectable
energy spectrum is not continuous.

As described previously, since 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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20 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

el ”t~%’ﬂgé59)g'%W%ﬁtﬁ?i‘é‘é%?bé%iI?H‘%éhsc%%f%ﬁpﬁs%%ﬁ@% and other

i
suitablé for iscriminating materials. Furthermore, the present
hyidvegainriphinisgauithatateridistribbtade bergye IbatetlirathéhX-eysrgnesgg ctrum
spectrum is different, and the appropriate material for modu!%atin the

mefulaiupdeaiana MotbifefertYFBrPaRanARA IR A6 dRefporP the

. iU  certain Xt '
R S BRI s ey a0
higkainphate3Me Wy |@net gpateréairsunchras dioiadio (B ity Hieykemergnds pectrum

o O SRRl e shce R e e

emggéé%tﬂg}%e&%‘?ﬁb@bﬁéﬁa&tﬁ6@&&9@9—989%@&Fﬁ%%§%¥%%& limit which is

0 add thin 5 high-Z material for energy spectrum modulation
higfter ttheaenemgyesgbcesinoldnofiulitior of taick feig e Zamatieniat- dAG6a \he high-Z

' bandin t trum distribution. of in X-
R U R KT RN 0 VR 1 LBl (HELA OF 184 ershgy'd e
sdforexamplen3QRHseY). Sigh-wumairbaliakich am Rtarbure (RR)s txnesjeneam.

(W), uranium (U) etc., should be 10 selected as the energy spectrum
Mawdolationateriaial for eempiey beant’ MediuaRz alsgepiRlysest

example, copper (Cu), can also be used. In the detection part of the ..

prjgeﬁﬁn@%%)fgﬁ V\fﬁ)ﬁrfeogp%ce[ R)r%?l?lﬂte'ﬂ\e/?gnyﬁ%-’raw e%er%g,egq dLudyi-eneray
X nepfuedmemalenad dpacaulialBresisphpbgsionalakglues pretitisly the signal

interactions between the multi-energy rays and the materials 15 so as to

valuesradtey di@rﬁﬁﬁa@im@dﬁ@ém&_ﬁé@m@@#iﬂ%ﬁ@fd%§w tﬂ\f materials
SRS XS A s SRISR, lferet deleslon upiels ASABHRS Y the

A erent energy levels demonst ere
miBERONSIYS Xharpctgnigties bR Xt-rayFevih diftecanioenergstigyelsmiiive to the

caused to generate
X-rays having different energy levels demonstrate different responsive
characteristics. The X-rays with different energy levels are caused to generate
signals in different detection crystals, and then these signals from the
detection on different energy levels are collected and comprehensively
processed for further 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 1MeV ~ 4MeV. The processing functions adopted in the present invention
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signals in different detection crystals, and then these signals from the 20
detection on different energy levels are collected and comprehensively
processed for further use. Since the most distinct energy band
corresponding to the X-rays varies due to the difference between the

e ans ol fesnpl RISl @ hgs s, the present invention

points out that in order to obtain the accurate 25 attributes of different
maredalkeq speditcensirgytdatic conateciaé tatthbuteateyial sisavimikatye with
should be used, with the lowest and the highest thresholds%iven_in

difiatRMcENEE InSuRle 't Bl s I RIEHRIRNGIEL TP en N EFRAGO BR R tween
x.@(}t %Wﬂb'aﬁfgrgﬁfingHg@pmem%@ pprgaRicimaseiglsis Pe3MeYected

eV, and the most suitable domain for distinguishing heavy metals 30

adsuristeVy - Ve rd-de peabessistg fencitmy siddptedsin thedewesero whether the
invention 19 are also varies with differggt energ bawd?%%éeieg to .

ORIk AR I R ERAP SEIRITEEP T R S i SRR LBy ooy is

“iﬁﬁ@ﬁ idhat hedistingdens diam hednieractians betneeaseseanewith can't be

ntenergy levels and objects is able to be detected 5 accurately. In
toaferealesthibed istepeomsieitdsieitermiage weathahéisepiecbbpethasaller

a smal thick Since the selected detection. i I .
e R e e SRSR O NS kYo
losatels Thuse i isHeOSSiRg aKlelersigerhaiberibpetiast bpratsmalighall, the

mass thickness based on the coordinate domain in which the function
intrisécisstatistasddciivienteistinsssnhickai@sof thleyisisse et bifectnggligible.

small, the, infrinsic statistical characteristics in radiatio sigs can' .
Mﬂé@%ﬁfle'.n %e%%?,”iH%H% éBﬁﬁﬁL‘lj usis_ﬁ%%?n%%?fr%%sg;y g‘?gtea éé)l %{3 tor, 1t
is ARFRISNRRYy thés difieadtdersine chrtpeterigties0bihe dirsastioebrivgenhaving

the X-rays having the predominant energy band and the object to occur.
thehisreeemirethe @ Baielriratomdd ditecinasiciPadrand theisctergdey to the

o T By RS S BT BEBY e
attasatekthminseegiedehiedvention, the energy band most sensitive to the
interaction with the object is selected in the case of the inspected object
having a small mass thickness, and then a processing model defined for the
great fluctuation phenomenon is utilized to process the detection values
correspondingly, and finally the material attributes of the inspected object are
obtained correctly.

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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having a small mass thickness, and then a processing model defined for
the great fluctuation phenomenon is utilized to process the detection
values 20 correspondingly, and finally the material attributes of the
inspected object are obtained correctly. 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
ARMes IndiHsease. the energy spectrum modulator 25 of the invention
can be mounied at the beam emission end. 20 MCSLLP What is claimed
is: 1. A method for inspecting an object using multi-energy radiations
comprising thesiRRe 96r>iA3 %%@%eﬁgfgd’tr%ﬁg?%ﬂlﬁl@@é@V\fié‘@iiations
an object under inspection; detecting and recording detection values after
epapisiagtbs sEaRREH the multi-energy radiations and the object under
inspegtiehFHhstileiRIR PadisncpktheidriprtiaRivakIes e under inspection;
predetermined calibration function to obtain information including primar

| . . y
matélieainBRBY TererdiRRERISHIoS AiHES RERSIRIEREET trrfween the
RRIRCE RYrapPRiinstia se bRl inectpefenaeacnerpechsnd corresponding to

the information. 2. The method of Claim 1, wherein the information further

inclUEHRSHIHURY1 BeRNSES iRforibRidREFIRN MRS, ¥HE nerRSRdGtermined

Sdairadowhargiidheicabibtatioinenetiabis mbttiomdupetiempiiigerial attribute;
detection values obtained after the multi-energy radiations interact with a

#A8wn material. 20 4. The method of Claim 3, wherein a number of
multpengramnagiatiansr whigbrae atsesUtes fisinththe splfratoadpetigna set of
and interacting with the known material,.is e | to or rgﬁter than a

ﬂ{%ﬂg}%ﬂh@qﬁﬂt@@%@wq%gﬁ&qgnding 14 the Information.

2. The method of Claim 1, wherein the information further includes mass

thickness information of the object.

3. The method of Claim 1, wherein the calibration function is a fitting
function of the detection values obtained after the multi-energy radiations

interact with a known material.

4. The method of Claim 3, wherein a number of multi-energy radiations
which are used for fitting the calibration function and interacting with the known
material, is equal to or greater than a number of the multi-energy radiations

used for interacting with the materials in the object under inspection.

5. The method of Claim 1, wherein the multi-energy radiations include

radiations having at least three different energy levels or energy spectra.

6. The method of Claim 3, wherein the multi-energy radiations include

radiations having at least three different energy levels or energy spectra.

21
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used for interacting with the materials in the object under inspection. 25 5.
The method of Claim 1, wherein the multi-energy radiations include
radiations having at least three different energy levels or energy spectra.
6. The method of Claim 3, wherein the multi-energy radiations include 30 ycgiip
radiations having at least three different energy levels or energy spectra.
21 M CSLLP 7. The method of Claim 1, wherein each detection value

obtajned el 1ﬂ8t%%r%?t@&%th ehQRIGTLAS AARRIRHALINE R ined after
obtained after the radiations penetrate the object. 5 8. The method of
Oriintsavhiorein dacthecabitoh Sakidap&inEaiafent@Rsiitepatandvigiter the

;Qgigll?é%gt%ﬁé@{ér{ﬂgsmé’g{ensity obtained after the radiations

penetrate the object. 9. Thé method of Claim 1, wherein the energy band
is a specific energy 10 band corresponding to certain material, and in the

energy baffethefeiactior ypives asarshs behtheibtametiRniednasied after

the radiations and the materials have a greater difference when
tsmipiesactitevidioh9arRigbridtAek MisHRHoN dMials iefiiaineeIafisr the
faIRIRINJERtRit tHEelpas includes 15 functions capable of amplifying

a distinction between the detected values of different materials. 11. The
method of Claim 1, wherein the set of functions includes different function

procgssing ROFRIMUses felarRgMantrlBIRaassHHE Gy 'BaREANYIBG e Ak energy
objects having different mass thickness. 12. The method of Claim 1

b SR RS RBDFRGIAREFRIRGBATEh 286 idR R RsEHePaRd atherdstection

aetaedef Slasaulk yrheeimtbasaurce&lvberadiatiaasison’ asgelpeatabterials

14. The method of Claim 1, wherein the source of the radiations is an X- _
baysragigrter difference when compared to detection values for other materials.

10. The method of Claim 1, wherein the set of functions includes
functions capable of amplifying a distinction between the detected values of

different materials.

11. The method of Claim 1, wherein the set of functions includes different
function processing models used for segmental processing corresponding 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.

14. The method of Claim 1, wherein the source of the radiations is an X-

ray machine.

15. A method for inspecting an object using multi-energy radiations
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30 15. A method for inspecting an object using multi-energy radiations 22
MCSLL to 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 multi-energy radiations and the  MCSLLP

object under inspection, and forming images 5 corresponding to the
multi-energy radiations; substituting a part of the detection values into a

%%%dperﬁg(%@ﬁg gfé!{%%tf’_on function to determine a mass thickness of the

ject; and selecting weighting factors for the detection values based on
the eaissingickrtsnrrayhasiatieans fimdyesass wihasrhigchendacHiragstion;

graya%‘f@lﬁir\\ljgo AMR9EIRidd e oetiRd Qbtdaimter HENGHEAIERES B@ Reen the

step of converting the gray-scale image into corresponding color levels in
evlb-anargy. 13diationse anctHbe sTgaintngeinsaartion manideenypg images
56@@%88%%%%@ m_m;gv%gﬁgﬁggy levels or energy spectra.

18. The method of Claim 15, wherein determining the mass thickness is

basewbtiing atratt aidhoriperHamtiahscS0Ma. arREARigBAI B ERaHpration
bR isiRMBRAiRsISCIRG YRigNiRg dagtearns Ksidbe dRtection values, the

smaller the mass thickness is, the smaller the weighting factors for the

deteslaeiatdei Hige-daetef riRfiaitn S alection HluRs JertRd on the mass
WRighERY Rciminhiherdeiprligasyaliessotdownennridasiaienatsegiy-scale

while the larger the mass thickness is, the smaller the weighting factors for
tM&S&etection values of low-energy radiations are, and the larger the
weighting factors for the detection values of high-energy radiations are.
20. An apparatus for inspecting an object using muIti-energty radiations 30
comﬂﬁsins e

‘he method of 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, wherein the multi-energy radiations include

at least two different energy levels or energy spectra.

18. The method of Claim 15, wherein determining the mass thickness is

based on actual attenuation of the radiations.

19. The method of Claim 15, wherein when selecting weighting factors for
the detection values, the smaller the mass thickness is, the smaller the
weighting factors for the detection values of high-energy radiations are, and the
larger the weighting factors for the detection values of low-energy radiations are;
while the larger the mass thickness is, the smaller the weighting factors for the
detection values of low-energy radiations are, and the larger the weighting

factors for the detection values of high-energy radiations are.

20. An apparatus for inspecting an object using multi-energy radiations
comprising:

a radiation source for generating multi-energy radiations which are caused
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a radiation source for generating multi-energy radiations which are caused
23 MCSLLI- to interact with an object under inspection; a detector module
array adapted to detect simultaneously multi-energy radiations; a

processor connected to the detector module array for processing 5 MCSLLP

detection values obtained after the interaction between the multi-energy
radiations with the object under inspection, said processor having a

eAlihatien . functicnd-phiaining Luaigria. attribute and/or for producing

gray-scale images of the object; and a control system connected to the
radigictetesirte MaciHangifyopernicd 1o patarietinudpiroLraiaHIti-energy
SHLeRR1- The apparatus of Claim 20, wherein the multi-energy

radiations’ include radiations having at least three different energy levels _
or efergiOSEseRE. CORNECEHe o t%t@@tﬁ@éirﬁ"?@}'\l@neﬁ@ﬁyméf processing

Gltieneranfaslations incidgradiaanshadpgort Ieashiuae gileremiti-energy
energy levels or energy spectra. 23. The apparatus of Claim 20, wherein

tadiaférasoyitidhe @ BIesl IdehnRRREIGRd SR PERFSEF Al R 819 @ calibration
cRBRYndedrbshiifyanbeeyaiabidlid ahbrrpambiselfgaife3cale images

wherein the different crystals of the detector module array are spaced
HohecRiediriby filter sheets. 25. The apparatus of Claim 21, wherein

the radigHaR|sQietriScBnAadRACBOIHE nagtaien 2Buthe RIPRAMANEHES operating

Claim 25, wherein the radiation source is a combination of the radioactive
ReSRIpEtess Giere FRERINESUAFR the multi- energy radiations are
generated by making the different radioactive isotopes 30 pass through

slots of a collimator in a time _series. 24 MCSLLP. , o
The apparatus of Claim 20, wherein the multi-energy radiations

include radiations having at least three different energy levels or energy spectra.

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

include radiations having at least three different energy levels or energy spectra.

23. The apparatus of Claim 20, 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 Claim 21, wherein the radiation source is a

radioactive isotope.

26. The apparatus of Claim 25, wherein the radiation source is a
combination of the radioactive isotopes of different elements, and the multi-
energy radiations are generated by making the different radioactive isotopes

pass through slots of a collimator in a time series.
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27. The apparatus of Claim 20, wherein the radiation source is an
accelerator capable of emitting radiations having a continuous energy
spectrum in which respective energy levels predominate. 5 28. The MCSLLP
apparatus of Claim 27, wherein the accelerator includes an energy
spectrum modulator for modulating the energy spectrum in front end of
the radiation exit. 29. The apparatus of Claim 20, wherein the radiation

sourge is g K-y, lamacking, A T3¢ apParaiHs PiClaiaiARdnvasRte is an

the X-ray machine includes an energy spectrum modulator for modulating
asealpeEtsy speehiarirenutinthtpeiatian lmyiog 3 gentgeusgaergy spectrum

ARPRIA USSP LD e MihaEsiBiIdhsrEnsigMSRectrum modulator has a

shape of a wheel, with vanes formed of different modulation materials and
rotating around an axis in a time series corresponding to the multi-energy

radiglipnsTQ 32 Jd1a RRParatmph Chaimateuhereis thecerdtdr includes an

spectrum modulator has a shape of a wheel, with vanes formed of

RSN RRGHMBY B PAIIRRRIAACABIALRG M6 PREENaSRERIH I Bentend of
sRreshensingde the multi-energy radiations. 25 33. The apparatus of

Claim 28, wherein the energy spectrum modulator synchronizes the
multi-energy radiations of the radiation source with signal collection of the

detegtor by {eaBmitatg A dfi qaahsigoalindhsicang obalistem ebuhs is an X-ray
radiation source and a collection signal to a controller of the detector 30
'Pﬂ%%mféearray. 25 MCSLLP 34, The apparatus of Claim 33, wherein the

energy spectrum modulator

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 a time series corresponding to the multi-energy

radiations.

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 a time series corresponding to the multi-energy

radiations.

33. The apparatus of Claim 28, wherein the energy spectrum modulator
synchronizes the multi-energy radiations of the radiation source with signal
collection of the detector by transmitting a trigger signal to the control system of
the radiation source and a collection signal to a controller of the detector

module array.
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has a shape of a wheel, with vanes formed of different modulation
materials and rotating around an axis in a time series corresponding to

the multi-energy radiations. 5 35. The apparatus of Claim 33, wherein MCSLLP

when receiving the trigger signal, the control system sends immediately
to the radiation source signals corresponding to the multi-energy
radiations so that the radiation source operates in desirable operating

states 0% LABARRAIAYLARIan ohhrBeraibcaRbigy epten AR ulator

the muIt| energy radiations is a transmission intensity obtained after the

hagiatPehambethrithviressoRerad Rfdifigseptisrodgation materials and

rotating around an axis in a time series corresponding to the multi-energy

radiations.

35. The apparatus of Claim 33, wherein when receiving the trigger signal,
the control system sends immediately to the radiation source signals

corresponding to the multi-energy radiations so that the radiation source

operates in desirable operating states.

36. The apparatus of Claim 20, wherein each detection value of the multi-
energy radiations is a transmission intensity obtained after the radiations

penetrate through the object under inspection.
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