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*159159* METHOD AND SYSTEM OF MATERI AL | DENTI

s e 8o STerescon e - ey g

FI ELD OF | NVENTI ON The present invention relates #®oiso*
the field of radiographic inmaging technology, and in

IoaME‘I‘W tRhﬂ)SSS"STEMOQFiMACI'Em?lIEQIDEN"F’I‘FIE?ATION

a system for i ographic exam na

tE{B ﬁgﬁpm% pen(§ ng ng capetgl Ity OP melngNERGY
X-rays, radi ograpwg,&mw% JCRNMARgEgan | ook into

the inner structu in a On- cont act
manner so as to obtain a transm ssion i mage of the
object. For the exam nation of 15 |arge objects in the
prior art, the operation principle of scanning

BACKGROUND OFaiHE INVENZIONrays are enitted by a

radi ati on source, penetrate through an object to be

FER D OFMNVENTIONCel ved by a detector and then
converted into electric signals to be inputted into

Tti?é‘ ngféﬁ%%irﬂ}eﬁ%lbﬁ'rélb% DU FIEd W“l*a‘drbdrﬂp#.ig:iﬁgpls?-&uﬁgémglﬁgy, and in

ge signals into a conputer nonito
partieuleietceatsedmraajggraphm gnaganglmethbdw%ddnmmemrfor radiographic

e.b dlorah|C|rmg|ng|s actually the
emﬂ@E?XQE%égegV@P bIgHPect penetrated by the beam of
X-rays and contains no information about spaci al

dept h. Therefore a scan imge wll be one forned by

superl 0si n e ojection of each of the nultiple
DEBCRIPT QN&\E Qcim Thg beamif all the objects are

exactly located in the incident direction of X-rays. _
Withi thel belpdvértbe penetraémexaaﬁ)atahtyo@f bigha@nexgyoXjrays, radiographic

i dde ehi nd the, ot he
g o i, A RIS gt B Pl S 868k i gron-contact
mbhRéesh as tbewnamrameﬁe@h@drelrﬂége/ef theeibjete For the examination of
technol ogy for object reconstruction, which utilizes

agsmebiests 7B dtheoRBGF Ashytheseneiating PeR¢iplegaE scanning radiographic
imdYiy S MRLE XY rayl e SRR By NaGiatbAVORRES BEnGPAR! ffough an

object to be detected, are received by a detector and then converted into electric
signals to be inputted into an image acquisition system, which in turn inputs the
image signals into a computer monitor for displaying the detected image. In general,
a transmission image by radiographic imaging is actually the projection of every
object penetrated by the beam of X-rays and contains no information about spacial
depth. Therefore, a scan image will be one formed by superimposing the. projection
of each of the multiple objects along a scanning beam if all the objects are exactly
located in the incident direction of X-rays. This is adverse to the examination of an
object hidden behind the others. In order to overcome the above problem, in the
field of radiographic imaging there has been proposed a relatively mature
technology for object reconstruction, which utilizes computerized tomography
scanning technique. Unfortunately, this technique has drawbacks of complex

structure, high cost, inability to carry out a quick examination on large objects and

| ARG

*G00602*



10

20

25

30

structure, high cost, inability to carry out a quick
exam nation on |large objects and 1 ~~~~~ 1111 111H
[T ritHIrerr ar 1l *000002* | ow passi ng-t hrough
ratio. Further, the material of the exam ned object

o] B3B8 oS, £ e, B BB 8B conn e

|deln|t|ﬂedm ssion image is a: radiographic imging nethod
that can separate, froman inmge, each object at a
different depth in a detection space to renove any
unwant ed obstacle. This technique can be used to peel
h namas| - .
In REUERTS U aPITRESEY (Paiiaks, bf BiRGedial MEELAR radiographic
tran®missicn imagevis/ ar radidyzapisit emaging megthod thaif caem sebamté from-an
cannot be |dent e e ot.her
MG Brelt CHiPEn o db RTRIGR! KFPHIN. 7. SREFUgN raeacBglosREve any
uniaARIIMoBSIzRR. | TR teeARiqubdeat ibe UsBa ﬂ.‘ﬁg@él %lff some overlapping
property, such as organic, mxture, by
0bJG§tSnlg thadransgtissiem imagepo shat thsj mleﬂahh@bjactsappeag more obvious.

R AL e T R —,

thel dmmtlfléa/tldmtachhhﬂjeﬁﬁirerhumenél’gsinﬁtﬂo\gr@éhlb hﬁarﬁbdl@ﬁbn image can
dom nates the attenuation absorption when t

'deasﬁe@?@a@ﬂa{/empsﬁy&v%oegam Mixkise pnetair etg., chymng the fact
ey SHSELNAE & VSSIJ SREnVA S o ekl rp e

levalst efiuanergp. Urﬁblwmdly(]:th'ﬁ-ﬁetmm&ll}é' | € lidentifgvonly the material

ProBRAYR' R 60 DeL damihaies dhh ateaalion ssefption when the objects
ovérl?tlaf?ﬁbh‘c e&6&H loBierl TR pbpeRi/hef afnob?j@cf eéﬂﬁ?tsbéqgeﬁl}ﬂ’ie%%vlth this

radi ographi ¢ exam nation Systemo e structu
techrpiguget thedrkjeritabsesbs orly aoﬁrmai wagrofdbe Dusladimttenuatlon
‘technique with the nulti-energy transm ssion inmaging
technique to identify the material property froma
transm ssion image.. The nmethod first creates the

SUMMARY OFTHE INVENTION al ong the depth direction
in a det ect| on 25 space by neans of the binocul ar

n G388 SR SoeT B GRS s

scamagmlognapaid yidentification-itiagingr gyethedhrfoflue i Rargepideed object

radtlo%rlagl’?lgté;a%|tr12t(?onn2§/sqt[elrnalc3 aosflmtp?ee storB%:t%(r:é STr]:eo%evt\ﬁ(I)d t<1:omb|nes the. |
binocular steroscopic technique with the: multl-energy transmission imaging
technique to idéntify the material property from a transmission image. The method

first creates the template planes of objects along the depth direction in a detection

- space by means of the binocular steroscopic technlque Then, depth plane grey

images of the objects are reconstructed from the transmission image. Finally, the
multi-energy technique is applied to identify the materials of the objects for which

the reconstruction of corresponding grey images in depth plane succeed.

“According to the present invention, a material identification method using binocular

steroscopic and multi-energy transmission images comprise the following steps:

2
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the reconstruction of corresponding grey images in
dept h pl ane succeed. 30 According to the present
invention, a material identification method using

bi nocul ar steroscopic and nulti-energy transm ssion

S AT Y —

SO 6B dRAINCdhta DY IEfSah® nght fraRsehsioroimdgddst sageentialtsaid left and
transm ssj on i nmages, menting said left and right

rlghttaa]rs&mwoanmaﬂﬁg@@dana Chiite-therfig stk said segmemtafigny
segnentation; creating a tenplate depth plane al ong

cretatmgdeptampiaheedepﬂanplamet alongr thes depth slirection mefgthe; transmission
reconstructing a depth plane grey inmage fromthe

'm?g%%sm ssion images; repeating the above process on
transnj.ssi on i nages of vari alon ener to. ohtain a

reqaSIHILANES AdlsPif PRARGTSY TBA0R TEBDIIE ERRISPIGR IMages:
variation energy, nmerging the tenplate planes for

reﬁﬁatmerteﬁtabeﬁerpggp%ém Eafa%mtsrs@rs'meaéﬁtva"?a%@nsrgv to obtain a

terhﬁla?e B@H@' fHhite 8F8AH Béﬁtﬂgaléﬁé fGARE vgﬁgﬁéh Bh?@ea”d

a predeterm ned group of energy

{
m%@ﬁ%@ fhfa tgﬂ'%lléetg%ll%?e%e@ ?h‘fg?lé%ttn gr?erwjdé:%ﬁapﬁ{e gﬁ%g o%pth to obtain
a tenfigeteptd plafet for eheh bt phine atehehérgyadfi 0 pratitévesined group
usi ng bi nocul ar steroscopic and nulti-energy

of epargyrie¥elson i neges according to the present

i nvention, any obstacle that dom nates the ray
ldqtsléwn@tthemnaiaﬁalmf thecoiectsffpr easiaf tyéhiehvjtee sey egonstruction in

de?ﬁﬂe{"aﬁg SHES%é&e direction of a ray beam The object
a

Vious due to a relatively small anount of
ray absorption will thus stand out, and the nmateri al
property of the object, 20 such as organi c, mxture,

et gl d.th i,k be ident,fied.
Wil e Brassinl, ReviaReR, MEMod Wit pbinatyatgeRBrasopic and

mﬁlh%n@ﬁ)ﬁfrhﬁém%fsuoﬂ |n1”§§jé'sdé758dﬂéiﬁg t6 AFP PREdnt FhHidn @ny obstacle

ray ection. This l"ays a fundanent for automatic
thatdmmmfatesathecsay absorptioh wandig peeled ofifcomdbe @bjrals thas overlap in
dru

theBﬂ,r%gl Ira#:&q%“ﬁ%gﬁ%ﬁk%% u%'ogbtoug OdUea{cpgrrelatlvely small |

amount of ray absorption will thus stand out, and the material property of the object,

such as organic, mixture, metal and the like can be identified.

With the method of the present invention, it is possible to identify the material of a
non-dominant component along the ray direction. This lays a fundament for
automatic identification of harmful objects, such as explosive, drugs, etc.,

concealed in a freight container.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic depth plane of a detection space with the binocular

steroscopic technology according to the present invention;
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Fig. 1 shows a schematic depth plane of a detection
space Wi th the binocular steroscopic technol ogy
according to the present invention; 3 Fig. 2 shows a
detailed flowchart of inage segnmentation according to .

Fidet sROGS Eohspltd WRieRae diofhch SRS @llef SREBifed to WS present
invientieAt i on; 5 Fig. 4 shows a flow for obtaining a
tenpl ate i mage for each plane and energy according to

Figf.h?slﬁ’é\ﬁ§ ARlexXamYBldf e nidtBhed tpWTe BlarRSBRORIAY t6 rt]hc-:- present

~left view and its grey reconstructi on obtai ned by the

inveefindd according to the present invention; Fig. 6
shows a flow for grey reconstruction of grey. imges of

Figli 4 fstvosust a ey dgr lobteghing a deewptade dmaget fort é@chppenand energy
inventggtﬁ; Fig. 7 shrg.vvsv_a detailed flow for : :

aceRI% e PIGSYMdVEMOBnst r uct i on according to the

_present invention; Fig. 8 shows_a flowhart of -

Figrer shows angamplefia it view and dhgey regonstiiiclipmpbtained by the

m%ﬁ&@%%&@'%ottﬂg pﬁé?éfﬁr?ﬁvé'd% ntion, 15 Fig. 91is a
_|agr_amsh_ ngft e effect o ‘rrultl%energy _ :
i 3D §90 0B 0y BBl AR IR By v

actetelirig fo thatpresemiitiventionpeel - of f processing; and Fig.
11 is a diagram showi ng the effect of nulti-energy

>FigTEVt Shows al gkaafied Tléﬂtfbpﬁin‘gié-bne@ %ie?%ébﬁétr&dti%hoé&@ﬁﬂliﬁg' to the
obs

peel -of f processing on unwante acl es. DETAI LED
presesCRvVeTiioN OF PREFERRED EMBODI MENTS Bel ow, a det ail ed

description is given to the present invention with
Fig.eBeslmows a dlowehartf ofjumateriap Sdentificatiomgoft ant bbjegt exteany plane

acg:gr\cli?nngt {othe ptrggenq%\%ﬁt%ln; | dentification method using

Fig. 9 is a diagram showing the effect of multi-energy identification for various types

of non-overlapping materials;

Fig. 10 is a diagram showing the effect of identification without peel-off processing;

and

-Fig. 11 is a diagram showing the effect of multi-energy material identification with

binocular steroscopic peel-off processing on unwanted obstacles.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Below, a detailed description is given to the present invention with reference to the

figures.

According to the present invention, the material identification method using
binocular steroscopic and muilti-energy transmission image comprises three

sections of implementation described hereafter.
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bi nocul ar steroscopic and multi-energy transn ssion
i mge conprises three sections of inplenentation
descri bed hereafter. 4 1. Cbtaining a tenplate depth
plane for a binocular steroscopic i mage of each

I t I C . -
pr ocessgﬁg%%ﬁgﬁbm Bﬂirﬂ’g OUrEahUiQﬁe@gﬁgfébﬁgemﬁ image of each
energy chy applyingotht bihsclapidte b bpit Spidc¥lsting ctéchnquue to the
different energy level into a tenplate for a

bineeyiar $terescoRi§e image Fagd meﬂm tdnesdlepﬂmpleneemmplates for

diffe Rt e‘?lfergg ‘i’@\?ﬁ%kfg t8 ‘iftev‘f b{kﬁ.ﬂf Rgagﬁt@ B|ane images.

steroscoprt technol ogy ccor _
i nvention. As shown in Fig. 1, the detection space is
a 3D space fornmed of a region that is scanned across

FIg! Nobc posaTnalt deal Brs, Of 2 Selsaias: sasies wih the binocular
sterdscdpic tddhriobidy §&%ﬁ§mg%rtﬁ€rperé§£¢ﬁnﬁ i HIE ARk ﬂfFlg. 1, the

origin, S denotes the position e ray source,
detaeior &F@;@ﬁe§eﬁt@ls@ﬁpe tmedgrbftadegtemt tivat ds rsepane@lacross by a

se?tﬁg dgﬁngg ’}gétfv en trﬁg1 %g{r;' %rllég Br/ 8 Ad %%}ggfg)éﬁévelilgah arrays at
poEtlgns ?bf Ltame Ry ammihis @pdié cOtrepreseney ﬂw'e%drc‘imﬂﬁ&‘@bﬁ%m‘ 8 denotes
as the positive direction of x axis

thecB?ﬁ'Eﬁ”h at H‘%ﬁyu%%@? g ageaﬁ]fﬁmgsamsti@ﬁ antitright detector arrays, OL
nt, .direction det ecto s (vertical
and R MRS St tay Beait®. BhAdenyior ghe analesbetieen the left
ction of y axis, with the coordinate
an@?@lﬁ faép?%égrﬁget ector nunber. The horizontally _
rightward direction is set as the positive direction
of z axis, with the 20 coordi nate val ue being depth

whi ch the orth |
n B PSR Sagd Em%@%ﬁnicggmap&%dwgﬁ%% A8 e pesitivmairection of

X &3AY, SN GRe Scoérdinae OVAIGE beih§ s&éﬂrﬁlﬁg F@F' ‘?He Sarangement
space. Depth planes are a series of spatia

d'f?ﬁpﬂl feletoptors (uesticatly @qenslingiout from tlhaspianle I0|f papen)rns set as the

ok shePBIDE (55 62 e Gl i i Slber. e

homiwtailystlghmmrbemmr)ntlb%@%sptr’r@?o@lﬂde tdiRctioP-of 2P|a§@e with the
te the rOj ections of the.-left and right

COQFQV‘a?%é@ﬁ-@ gﬁ'nah%e&t plang numabery ddwespacee|iy wiichidhetasthogonal
codrBmaf S\ StehtidBEM 4RF the position O of the ray source S is the origin, is

called detection space. Depth planes are a series. of spatial planes parallel with the
x-O-y plane. The dashed lines in Fig. 1 denote the projection of the depth planes
on the x-O-z plane, and the depth of each depth plane is the distance between the
plane and the x-O-y plane. L and R denote the pfojections of the left and right ray
beams on the x-O-z plane, respectively. 8 denotes the angle between the

projections of the left and ri'ght ray beams on the x-O-z plane.

Image edge extraction technique can be used to obtain template image of an object
in the detection space, that is, several edges are firstly obtained by detecting local
discontinuity and then connected with each other. Such edge extraction method is

5
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projections of the left and right ray beans on the
x-Oz plane. Image edge extraction technique can be
used to obta|nterrplate|rrage of an object 30 in the *

B 58 S3RRBFaldNl hRX Sy Bl Rael U e mheren
chaeictaisties of the oaely ﬂhh%lssﬁmhnﬁégefﬁxé\ié@dp‘iﬁg BRieQs. In the
is 5 reliable in the segnentation of an .

preseshs investien, i aelbrl Ang €anaye eidgﬁerd@mCtlon operators are used
f

sHERELS] B Lk dbbe, WnflVare AR ATIAITHS iyt ccge

imagel Kaaly eel@geccxﬂmbetxdsm mperfemaéd ba.tharésuleed edge image so as to

i mul t usl . eFtract Edges which are th
defi eRECRSRdo9nD. R TiscunY. R SUmENIaNar s eaciel the Jeft and right
vieRO&a e B8RpItBdi S perfornmed on the resultant edge
i mge so as to define enclosed regions. In this way,

the segnentation for each of the left and right views
can be conpleted. Fig. 2 shows a detailed flowhart of

s T T T LN M —

inveation, pithoreferenge vienwhicH e spa&ife deﬁﬁ;ﬁﬁﬁéﬁ aé i Qe ot i image
present invention. The flow starts with ed

segRepttiondn thepeasept yention.t he present |nvent| on, Sobel
and Canny edge detection operators are used
si mul taneously for edge extraction. 15 Consider a
digital image {f(i, J)}, f(i, J) represents the grey
The dlowestaftsawitii sdge aktratte)n it stepdt . dmdhe bﬁesenlt hnumitlurmSobel and
nts a set of  all

oo A e BB o B bR 47 505, orcton
Coﬁghek aaﬂg@aldmfagét{f(i) Py e p%ﬁh@'t& %Hé‘brl%? \?alué‘%r]gzﬁ i€d at the i-th

erencé bet vee i xel and S nel
TOV( apgéhe Sty wetumn,eggnd ifﬁdl)} qujﬁ$9nt§I@(€¢tSQf ali plNelSh!B the image. For

a0 BB PG 198, Y RO B s o

wecmftechgdey dlffer@deObéthetheCplﬁéllm its bieighber Qpper, Ryfdr, left and

nghiél 29 >Seis y \qu_{ )thQ fn(aprq I}é@_l)bOﬁ.@lf(ﬂ having )a+lafqepr+\/_yelqh;@pp the farther
neighbbr pixel havidd &(dmaller Welght as defined in the following equation: :

s(i, j) =
=|(FG-1,7-1)+27(-1)
+ /(-1 +1)-(f(+1,/-1)
+2f(i+1,7)+ fi+1,7+1))
+(G-17-)+21Gj-1)
+ /(i +1,j-1)-(F( -1/ +1)
'+2f(i,j+1)+f(i+1,j+1)x

X

. A . .
In the above equation, S , I yf‘ represent the convolution sums of convolution

operators A , At at the ith row and the j-th column, respectively. The

~ convolution operators are defined in a matrix form as
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+H i+, )-1))-(f(i-i,j+1) +2f(i, j+i)+ f(i+1, j+1)) In
t he above equation, Axf 1, | Ayf | represent .the
convol ution suns of convolution operators Oxf , oyf
at the j-th _row and theJ h col um, respectively. The
convol ut iton ope‘r tdrls @rel eflnedlnamatrleormas
612190010000 @022 -1-2-110-1A Ay f
Next, a thre hotl1 i(z sglected, and any pixel (i, j)
will be\determ “step-type edge point if it
fulfills SAjf, j) > T f where S(i, j) represents the
resul t ant edge i mage. "5 On the other hand, Canny edge

detection al gorithm generalré conpri ses st elos of : _
N@ﬁoatmrﬂwl%em n'ﬁg%emitﬁﬁ andaany Bixel @r;l will bel deta@med as a

nltude ec 0 use
ST HPELSed PECE NS nblioher pPBr S adr 1apiEses the resutant
A non- maxi mum suppr essi on i mage to t he
© ﬁgdﬁ%pﬁde of gradient; and detecting and 1o connecting

edges via a double threshold algorithm Canny operator
can reduce pseudo edges by using the double threshold

algorithm Specifically, the non-paxi mum suppression
On mﬁg@theg handaGanay %g%d@kﬁ@tlphra&cntsh@sganﬁragmompnses steps of:

ﬁg%ﬁ?’lmgggl\\/ﬂthté’G&%@'fﬁteké‘%l&hﬁﬁﬁ& g)%%% ?8}9@5 direction of

gradilenhltgherset lof efititd ddifférenaad of horse- baErf partial pderivtdivép applying

ORI SUPPrasS Bt G, Moo MagAied of geaiont; and detecting and

cohHé@t‘id’Q ehges \ﬁéj%edbﬁlt)lg 'Eﬁ"r‘eéﬁBl&QHI ritAR{ Qr'i‘rw %BQrEtOP%%n reduce

N2 (i,~)). The algorithm svvlt a pix _
pSﬁed@r ﬁdgeSO bys L@m&ntﬂ\epodoublentmesbold jalgorithren Specifically, the

e o e S S SE B el by ane 7.
Wit 2 SO ekt RybP e SKb s o WU ARE v, ()
N, (i) is extracted with the higher threshold Th, and thus has fewer pseudo
edges, but there exists discontinuity in it. Therefore, it is necessary to connect each '
intermittent edge' into an integral and continuous one ih N, (i,j). The algorithm |

begins with a pixel referred to as an end point in N, (i, j), then searches at

8-neighborhood around a pixel in N, (i, j) corresponding to the end point for a pixel

which can be connected with the end point. In this way, the algorithm continuously

and repeatedly collects edge points in N, (i, /) until the intermittent edge in N, (i, /)

is rendered into an uninterrupted outline.

Finally, an enclosed edge image is obtained in step 02. As will be explained later,
all of the edges detected by Sobel and Canny edge detection operators should be

taken into account to enable edge connection for a satisfactory closed edge image.
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20 and'repeatedly coll ects edge points in N, (i, j)
until the intermttent edge in N2 (i, j) 1is rendered
into an uninterrupted outline. Finally, an encl osed

In 358 Pre Rt iR, g o echis” Bondk, eS8 Jogigi QR operation
bemmbir@%déetiﬁ@deerbfw BbOVS 1D Wpledalors. Ract ek edges

into account to enable edge connection for a _
obtained fyc the Joregead medled jushighy compriseshintemaitient parts or even
L BB 39815 UL 1RISCengRs it BECTRE, |00 Frereror

neabssaty tovaonpectaheses pafisiohedfe phelsdgaise peddant id@nltivn, two edge
rises internittent

.the foregoing pethod usually co ) )
P')i%? fe %‘?”g'@Fé?gF’ b??ﬁf?% (%%P'_"@é@'&)f g&_t‘@ln%"lj@émﬁ@ftgﬁéd'e“t magnitude
I . . .
ol Skl BRLER RISy HRrid P | 4381 TP yctoq with a e
(x,t Be ibtes eotmeniest inothe tneighdatgboogi ofette datter; camedhaid gradient

maiiPeRand GRS clPRien Pest i qoie-tra destpn i respect to

thé"ﬁi&'éh thieshbids€an be connected with a pixel (x, y) if
the former lies in the nei ghborhood of the latter, and

ei di magni t udes and gradi ent directions

'V} {VST%?FG)TEEV\A ng requirement with respect to io the

' _b s: lvf (x, y) - of (s, t) <<= T
‘V?K/{g}()xd}gﬁ\?ﬂ%%st) <A where of (x, y) = G« = of , P(

X, y) = arctan (G(/(%)d , T represents the Gy of/ay

t hr eshol d f of Gpaghdf , and A for angle. such, by
Whleé‘?)ezﬂfio (Ir’fgy }‘h%;%ﬁ@g / ag;t'er‘ﬁfﬁé(t) F&Wtﬁr{g;ngnﬁzctﬁ ofepspsents  the

all rel evant ‘etlge d?x s, a continuous and closed 15

c SO Mk I oSt 3, j -

thiEBFCRE HcRRithldha, A G SRale ARSI, TBE TeBlalifl the above

detsgmisatjponaimnch gonractionaom ak nelewvaridedgiy pixelsagecortimueys and closed
dsi nce the inage is partitioned into two kinds of
edPe §PBRE aGAWed. i nher and outer, by the closed edge,

nor phol ogi cal 20 dil ation erosion can be enployed to

find a pixel belonging to one of the inner regions.

Then, starting with this. pixel and by use of region
At gtemilsy ershnigipge RE the left and right views’is segmented “according -to a

corresponding resultant enclosed edge image. Here, since the image is partitioned
into two kinds of regions, i.e., inner and outer, by the closed edge, morphological
dilation erosion can be employed to find a pixel belonging to one of the inner
regions. Then, starting with this pixel and by use of region growing method, the
pixels belonging to the inner region are filled with the value of “1”, and the pixels
belonging to the outer region are filled with the value of “0". As a result, the binary
template. for each inner region is obtained. The tempiate has a size equal to the
projection of the detection space on the x-O-y plane, i.e., the number of scanning

operations (width) X the number of detectors (height). Till now, the image

segmentation is completed, and thus templates for the object are obtained.
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pi xel s belonging to the inner region are filled with
the value of "'I", and the pixels belonging to the
outer region are filled with the value of "0".

e o 0 D SRS 5RO AR Wioes are
mﬁl’:ﬁéc?c%dﬁgmlﬁé‘btbh@er?ﬁﬁ Seld RrotRAC thedBiridealat- @ebbS@:bﬂmetechmque

scanni ng “operations (w dth) X
Sp@ulfbahy, Gbr detobjaabrits ¢orsinglous. regnqn| filleghivith ?ﬂg y@,lﬂ@@f 4N |n the left

ome BRI 5 2 cbpSEAPHED S WP Pt mage

to'fﬁ\\deﬂ{e' @BrrebpéndiRg Q6HPIAS ihNthet gt eiepl. dh ethismaggs eack matched
d according to certain rule thr

objgatduwas arcastespesdingi temriaieninggach oéﬁagf?#@ﬁ fght; jpwgand the
posi“onia’]d{ téesrlucgeg Béi\/\(ré;éﬁputflart%%' RhdihtelsGH tHhe %%rlggﬁa}’airéﬁldﬁ is called

te’inage I's conpare each
paqgng)p@rtenpl ates. in the right tenplate inmage 5 to
find the corresponding tenplate in the right view In
this way, each matched object has a corresponding
terrpl ate in each of the left and right views, and the

%%lhgo alth% Bfn%EEI%FestQR;sWSFi% ‘tt‘itfbr?\/\%é qapitiohslipi between each

or z rection 1s called parallax pr. to
trahppoissiongiepth zamdyareltay mlssdeélnédcﬁﬁpl c theory, the
rel ati onshi p between each transm ssion depth z and

partﬁL(gZ =p r'yzs defined as tan (0/2) = pr/z Each of the
Obj ects is dravvn in the depth pl ane tenpl ate

E@aén ggf io%rg'lsa?g nngL Jochcﬁ c{rdé;lv%] i ﬁt)l(']]eS éfggfh Iéﬁémf#rnglate at a
C&P%ép%‘?\ﬁk?ﬁ d%ﬂﬁr@hm\tgs of gravity centers in the |eft

| evvsTLor each mat ched object in the depth
pl'ane tenp e a directl roportional
toZTIHé}ta’ép(‘ﬁ} 3of (Mo x, ?Eﬂ 7%% Fig. 3 )s/hoa/s gn

exanpl e of the matched tenpl ate planes according to

(A haangr ?ﬁeaie tHeMenEdmal. casrdisiates of gravily. cetershia the left and right
Segnment&fion results of the left and right views are

viellevar eBtl machdd lo@g)éttﬁreﬂ‘rd dépthi plabédemplate vThavpaellayis directly

obj ect, and Fig. is a tenplate in the right view
prg!OFtlcma'é)@ﬁ’te éﬁP@cheaqur%a"q he tenpl ates for t%e
obj ect are

Fig. 3 shows an example of the matched template planes according to the present
invention. As shown in Fig. 3, the segmehtation results of the left and right views
are shown. Fig. 3(a) is a template in the left view for an object, and Fig. 3(b) is a
template in the right view for the same object. Here, the templates for the object are

both rectangular.

For a depth plane template obtained from a transmission image by the binocular
steroscopic technique, the plane number refiects the position of an object in the
detection space along the depth direction, and the geometric shape of the template

reflects the contour of the object.
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both rectangular. 25 For a depth plane tenplate
obtai ned froma transm ssion image by the binocul ar
steroscopi ¢ techni que, the plane nunber reflects the
position of an object in the detection space al ong
the depth direction, and the geonetric shape of the
nplate reflects thg cont o of the aobject.
t

TharaRRy e, PIASEss 15 depenlad: on Seah Lansriesion s of vAfiian eneray,
an8fth%?ér?1§fa'té’ae5fﬂe;5lgbfe forad¥tr Blﬁnbfﬁﬁéﬂ éfietg %ﬁhfbeoblét@mé‘dmfhus an

ne and energy can be obtained. Thus, an
ternplate aieptm@parte of aaeh wlarador pildaeels of energy &an beoacquwed by

o 52 B o ORI B SRRy o

Iog#@bﬁé@ﬁon' ‘@R"C operation "OR'. Fig. 4 shows a
[ owchart of obtaining tenplate planes for respective

pl anes and energy |levels according to the present
invention. As shown in Fig. 4, a set is first 1o

Fi§ r2aa0<Co q’fo%c’ﬁ Ptgoit 6 W?%H{blétmﬁﬁeg Wfé&g%@tl\yé tlanes and

espective eve I on ener

engtpl iévetspammdmgltorthm drasentnieventidn. |A<mehowndn cﬁnge4 a set is first
| oops i's, . execu the i.nner an

crqg;ggq gggta,lrgrbg egé'i‘ﬁmﬁﬁ'ot“hém?\%sl ggagrattqis\ﬂ@ﬁt [q;@'e)c;tlvq.hgvels of
ra{hgﬂ&ﬁ e'n@ ?@'x?’ eSdia- ISSﬂ%‘b@?@tldne\Wh at feddlofer drd 6@&# loops is

mat ched objects are first built. The _
exbeutpeldattdaecnmuatrl and nutechda@h%dwdo\miaasl gspresenting  the two loops

n.are a | i ed to
re%t? E’a:]-ggt'%?%'sli? sgr\quaWS %rgg%qfee%@gigeegltap %? i, lopp. @ set
f'rﬁé(l%he@fotfj‘ék% Gire tfistopigin. Then atemslats epstion, hﬁat&fﬁngvnﬂm parallax
the serial nunbers of the matched objects, being

calaigtioraprexsipplied e thenpbigctss inithe blgwl@rxﬁp%pgcoplc transmission
lmggeg leb P e 1 ST %?%eeéfagoth?qumme allR R Sreph ‘metot(m Qg the serial

operatlon 0O acquire a set of
ndnm’sabfe thé amasched rmje:dhs:obe:bg eat boat vaeatpiectThae teoplates with

aras B S oS B 5 gl Ry o operation

“OJrRediRHisOR i¥Ya s-QF'o‘i tbPhaterMares of matthed objsts @t respective

executing t i nner | oop, generating for the current
deptierpignes twpthe giriaie levelt ofi rﬂd@thmenertgyrrahat eutepflogmaddresses

dlg%eggfquq b{) hr%h?atl%% ener Y. Gllhlél ?ootpr 87'?)%%3? 'i &Wep%f executing the
inner loop, generating for the current energy a depth plane “containing the
templates of the matched objects at respective transmission depths, selecting the
transmission images generated at next level of energy and repeating the preceding
operations on the images, until the transmission images for all _energy levels have
been processed. After the éompletion of the outer loop, the sets of the template
planes for different energy levels are combined through logic operation “OR” into a
set of template planes each containing several object templates and using its depth

as a discrimination mark.

2. Implementing grey reconstruction for different energy levels according to

the depth plane templates.

10
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transm ssi on i mages generated at next |evel of energy
and repeating the preceding 25 operations on the

i mges, until the transm ssion images for all energy

| evel s have been processed. After the conpletion of

the outer | oop, the sets of the ten‘pl ate planes for

T oS Ak B SR, OB Eor e bt

-angotﬂfeﬁ BUsRBrEGH it ex@PiRE L a tf@%tmlﬁéﬂ Thel dr@yi rb&onstruchon for

as a discrimnation mark | ement

: dlfga'reyt emargy sevelsisi required tajrearhaemteanleldgyt I@nsThrough the'grey .

S 3 ) S5 B AR TR ot 4 PRt or e

of @I@é’%@bﬁe‘hteﬁhé@j@c@f ThBR, tll watetial mti‘flbﬁﬁldn pars ibeei imemented for
for exanple, a frel ght container. The grey.
them:@hjeﬂsuctl on for different energy levels is
required to realize material identification. Thr ough
the grey 5 reconstruction, the grey val ues at
different energy |levels can be obtained for each of
Durirg #eggeytredondtfuestios, th‘Ehgrey vdleesraf the abjects in each depth plane

ar'gg %ﬁq‘@g{rﬁ%tela og;yr c?agqg r%g'lené)yc flﬂgﬂt ﬁ?ﬂléq ! X ;pt?r\\?ozq rbjsg%% %%oemc grey
reegﬁﬁﬁlciloh %@?BB HeRkieh Rhé‘@?eyb&ﬂuéﬁ Qré peenrst 6ff plane liprIane from

eac ener gy evel throu i nocul ar ster oscopi C ey
the emdesnostctq the nrmafcmbstu In atherhwersds, gheyarey| @é@namctlon is first

PR Y oS M5 el oo

thé'tfa%kgrd?ﬁfdf @RIy ifi acOthplamet giseal redjlect rea:bnsﬁnected grey image of
out ernost pl ane (i mredi ately adj acent.

thb&b&@ﬁto@ﬁb ainrgyl. dn)the fﬁg@l@trycﬁdagf@y imags. ﬁ@slgﬁuﬁ(grgund region has

thia ce} %’ég%@ rug%/trgérﬁ glygl Régléér%ﬂ@btl ge%(ét';e;gn @blﬂ?ﬁg&de the
c%@tln bhﬁhsam;egr bgcmabua valué ed{1ﬁa|oi|0| thenaineb abtajnerdiitirough an
Ile the

eSS Sha YA E R Enb e 6B 5 PP orina

cth li
i REILESL R 084y (BLecThe B psegnien pple

torteecohjectuattibd nexkputeamost pieme. Sueb RiPeewSisi Tegeated Wal all of the

-maedhicdss e Beef BuBitedhid 1“%#?“?9&{%?“93'“ Plane

Below the grey reconstruction is described in connection with the template images

“shown in Fig. 4, taking the left view in Fig_. 5(a) as an example.

Referring to Fig. 5(a), three objecté overlapping on each other are shown as a large
rectangle, a small rectangle and a small ellipse from the outermost to the innermost.
Figs. 5(b), 5(c) and 5(d) show the effect of the grey reconstruction, in which Fig. 5(b)

‘corresponds to the outermost plane, Fig. 5(c) to the middle and Fig. 5(d) to the

innermost.

Bl
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mat ched obj ects have been subjected to the grey
reconstruction. Below the grey reconstruction is:
descri bed | n connection with the tenplate i mages

ak . .
e B TABE EL oL oLy BB nin e
ré%tV%Ihépﬁ' @glgﬁﬂ c@ﬁﬁ hegioRegquwdle te lthah ofithe Hmkgmund region in the
rectangle, a rectangle and a small elli L
origina! ma@,r&;@tthecgrehéalu%@fg #gafk coler ggglos(lﬁ)obtég ygﬁbtractmg
t
iR 55 Bl BB FSY cEREBTSH HEIUB el of e o
color @eg|5(1C%\stshoWnelnrthddigerea,rtde Iéog\toﬁ(mf)thecdarh@oldmeglon is a large
reqt@gg?}{aggétpthqhéo 5@@9@% Ot?iﬁ?te'@t |tts ?ﬂ%aﬁ%r econs f u% ) Shows the
gr%g {c%rnglergt iod duICEt e ﬁﬁtﬂil@rbtﬁélé’tahﬁ wHich Wi?é g@%y K/BI@Je of a light

region rn the original image,
colo&he@onfecma(tbat&tl*@lod’)rthe bgck:gfougd aeg@nnedhgyorlgmal |mage and the

gr&?%lil%gtgltanggrke%q orF r?e(cg?é]rf f,?:eu%t@ cgt()j éggg%&ﬁge{qe gé%?n%tructed grey
vaﬁ.%I il dthé ‘?Hlkiefé oH)ectSihéMithé rgré)r Qaluedsf'tRe lighecslontagion. Oﬁ\s shown in

ark color region is a large rectan Ieldentlc

the 6guteatth@fcontwr @bjttm:daskncol@s r&wfpu%@esm frctangle 'd%ntts)al to that

of imﬁ Wﬁpcp |t%nﬁtﬂa%hlg%§ e Wg{/ ﬁﬁ%&ﬁ?\“ hé)gljéﬁ%c%rgﬁb&lon result of

thé fHePMotalosiest, i whivht thefgréiil aaknmCdxfgﬂ tigintdcaleniegion eqmaﬂe to that of
original inmage, and the re Ladark CO

the dgickarquadoteditm &y thsy 05'9!5"%l éfg‘?gﬁg aph ! er@@éﬂn‘ﬁ'\’%&?&j dark color

reglpﬁylﬁ 6’9%9’{1‘&% fsub%cfﬂdé%@ r@@éﬁéﬂu&é@@réﬂ@aweebf \tRé URnermost

Ior re shown 1 n igure,
objéut fm‘mtthergref/ vdige dﬂrthedtglhd)rcoicerglregmn sAs shemir in the figure, the
rect ang%l e identical .to.that  of .the.

colng?ﬂﬂoét ke d %olo[:regglorg tsd:i\ s%lv%llufsrg |d% lce:acltto tﬂaﬁ fthe object in its

te&ﬁz ﬁ ggpion result of the innernost obJect in

I C grey value of a light color region equals to
that of the background region in the original inage,
and the grey value of a dark color 15 region is

P o W R ARSI by B FROICTERCS, B Vipdeefpf Blighent eneray

leVélght col or region. As shown in the figure, the
contour of the dark color region is a small ellipse
identical to that of the object in its tenplate
I mage.

As shown in Fig. 6, the dashed block denotes a loop regarding different energy
Ievels. First, a set is created containing the transmission images and the template
depth plane set obtained through the first section of the implementation process. As
mentidned above, the transmission images are obtained at different levels of
radiation energy and distinguished from each other by energy levels, and the
template depth plane set contains several objéct templates for each depth piane,
with the transmission depth being the discrimination mark for these template planes.
The grey image reconstruction for each energy level is completed in one loop,
where the binocular steroscopic transmission image for this energy level is

subjected to grey reconstruction, removal of an object from the original image and

12
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20 Fig. 6 shows a flow for grey reconstruction of grey
i mages for different energy levels. As shown in Fig.-
6, the dashed bl ock denotes a | oop regardl ng different

evels. First; a .set rea on
GeiP AN ot EPa StrhtoT s Ripae.Fap i BbIost TR, T oGt of the.
lm§§é SQhyrabmadon Nk omahritshesdotibht of &6 iovaraaf pﬁd&ss ie., the set of
I pl efent ati on process. As nentioned above, the
tempmt@mlsse@mbtmgdslraﬁr@ dshiseetiomt aad f ther dptailsealput the grey

re%cgps " &?816%{ E@g%@%ﬁﬁﬁ?ﬁfg%fégﬂ@ bsy?;pé%e‘i‘g;e ﬁzqhgtﬂ%‘ﬁ%mlssmn

lmﬁﬁét@brf@sp‘mw gﬁ'to Glviotitdr ersigyalevs| ivseftdd dept Bubjected to the
ane Wi th e transm ssi on depth being the

abave Stsps. iad basaskek e resuhafdne érnﬁggtsegmeafaé@n igdhefiest section
of qg%p?v%9$rﬁ8%%gs$ g@g%bg%ﬁoﬂr a?&gg:g?ﬂtlh?c’lﬁly,' Gntil all of the

en&tgif peelphavé bass nidsséssedi mwyf tie tdvoss%nueteg)grbwmlages of the
subjected to 3{3%/ reconstructio r enov

obmt%cfprfq"omq R0 YRiP 3rRage ined ﬁog%n%‘%atqfoﬂ%fm material
|défﬁﬁ|€?ﬁ6 Umlﬁ%t 858 Ye! H@tgr?otflﬁ%ltéchﬁ) ‘ébcbﬁfatry seﬁﬁm%ﬂ.ldgzq {Ht8e nests.

resu I mage segmentation in first I on
Thef firsh@est & aldepph plares seti ineludinghall dbe t@mplat@rpﬂmmsedlscnmmated |

the

S RS iy B RSBy R LB A et i

thé ERE@HEE obfedts tat éertSiRbDERAYMINGiOn deph t Wesd Bies@nobjects are.
I mage correspondi n%ﬁto anot her enev% l evel is
e

dissineipatad G eads) elbes dyttbelr ireriahpunbess. e thindseesids ég energy

oo bR et T OBl e o i e

enefpe fvels, leiérenthegéhmagésﬂalré diddringihateldefroraneaialy otheyv ddysdifferent
have been_ addr essed. Finally, the reconstructed grey

levela gbadiatiqmh@nergli ects for all the energy levels are
conbined into a set for use in material 10
identification. This set can be, but not limted to, a
ternary set including three nests. The first nest is

The dopvé methad feegeneratindithg raponstn&te@m)atr@am Mean object and

coMBEU e OB RS L0h B 43R5 B domed by

e@ihg RfiCle R ?ﬁ‘etyﬁnﬂige%éﬁ@by ﬂlam&mrsmeo&utdemét towhelrnermost. In -
hese objects are di scrimnated from each ot her

partmlerhs PagreyuYAlde dor theemaicher Qbigction Kie eHWWS&X@V (directly
adir%ecrﬁgéltggj tg%ktggkfur‘{ﬂe ré%fﬁ@r MCHEH rSMstruBRYCIn® petfdd Bl From the

image. Then, the object on the second outermost lay is processed in the same way.

This procedure is repeated until the grey value reconstruction has been performed

‘on all the matched objects. The flow is shown in Fig. 7.

Fig. 7 shows a detailed flow for single-energy grey reconstruction according to the
present invention. Below the details about the grey reconstruction in the present

invention will be given with reference to Fig. 7.

13
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energy |l evels, where these inmages are discrimnated .
fromeach other by different |evels of radiation
energy. The above nethod for generating the-

reconstruct ed ey image of an object and 20 :
In 1 Breserh RSty By 47 Jatis B RBEh RS rgonsfuipted by peeling
offe e Wyt }:evahel§|aﬂer59rﬁ|aﬂebwonpetﬁélagte@%sea@htrw 8nermost. In
ane by plane fromthe outernost to th

p
pammgariméhe grﬂy vghte f@@grwtchqdeo@leéy opalhgeowtermppklay (directly
adg%te%w %’Jb%%f%%r%@nﬁ :fggtlt réc?}ﬁs{fﬁi#téﬁc;{r{&’ peeled off from the
image onisén, bé ebjexhdn NI@@ becbmi bufermost lag is prmmsed e the same way.
t he obj ect on the sec?nd outernpst | a @F]ocessed in

TW%BT%G&HH'%fePQQteﬁ#@ 6'?%(9(5%[50 valuegsepg UiAS Peem@erformed
%P& Wﬁo n erfor med |1
ongzﬂ rﬁéﬁﬁg&ob ects fowv?gseshgvm in Fig. gn Ia:I g.
0 il
stqpeﬁi %"f‘“‘t'agl %elﬁi aacg%gfrl ?éctﬁé?%regl%ge %é’cla %%@'nr%structlon by using
thé3ebjotd distatheddtdra tlaé)tmagé begl@bﬁtatlbﬁqﬂoeéss,mtl on in the :

present. 30 invention wll be given with reference to

sté'_p 02: rétricvingd thel prepertiesaiflonendfané iodjectd;he grey val ue
for each object is reconstructed by peellng of f the

n r

s 88, Aua e B 2N61A6m LOBCoWS) ittt o e
backgrouad repioact on the outernost lay (directly

adj acent to the background region) is first
sterpeOénséo‘amstradtlrfgwmepgmyemloé fforff thenobjeet B themgtnievéde:rbject has an

t he ect. on the second outernost, roces
edofeadiabaiiay e QTG EANE 5.t i phipcli BratRg by another
ob c@yre\éehﬂ?uétﬁg%é‘g"ré&cﬁlgé fBﬁﬁueQﬁ)@‘ﬂla pgfqjemd  on all

e matc Jec The specific flfowis: step 01:

b@.br'e'n%vn tiR %@&'fﬂﬂﬁ%é’ﬁhs@% set for grey value

reconst r uct usi ng jects obtained fromthe

For B §ﬁg§?g§ e BHeP{ ?ﬁteﬁﬁ%Js}éc’QSSb?QPO@S g@trégg t'eegurﬁtn‘?he grey

proper one 0 erm ni

valleetdrenstrietioneias sseadpertipreced baslidine ethiehedipbjeets. t o
the background region; step 04: reconstructing the
grey value for the object if the retrieved object has
an edge adjacent to the background region, and, if

DdrfHy Bkl p%&eéss.o%? haiug R¥oASRL&RIN, each of the objects comprises only
two types of parts, one be'ing' the part adjacent to the background region, the other
being the part overlaid by another object. For an object which is initially overlaid
completely and thus has no edge adjacent to the background, some of the region

where the overlapping object lies must turn into part of the background region and

thus can be treated as a new background region after a sufficient number of

peeling off, and therefore the overlaid object will has an edge adjacent'to the
background region. The reconstructed grey value for the object equals to the
difference between the grey value outside the edge and that inside the edge, that

is,
Sobj =(Sout —Sin)' |
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15 object, reconstructing the grey value for the
overl ayi ng object; step 05: renoving the object from
the i mage. For each object in the object set, the
steps 02 to 05 are repeated until the grey value
reconstruction has been perfornmed on all the matched

bjects. 2 tocesss of grey,val u
3. Paking Tratatia e e Rl S3ema relonbriftied serpmiate planes for
angWﬂ”bupﬁﬁﬂﬁg ﬁg@gs one being the part adjacent to the.
ackground region, the other being the part overlaid

_Thg QH‘L%S Qphﬁ%entg nge]rgv Iﬁpé@‘“ctanv‘!?é Obtdifed %rt bRy 'oY the objects

ald conpl e us has no edge adj acent
repﬁeeebmdktg,r eachl temptate cit each plage oafterviherabaveegrey reconstructnon

The ey VBlied VAU Laree MRl B anf Bebial s lifcation can be
méutf:i@%e%gbdteat Ry of tRY plangs bl iahafzing stigrevariition,
peeling o heref ore the overlald object wll

has an edge adjacent to the background region. The
reconstructed grey value for the object equals to the

Fi% %ﬁ&%@% o ker%wvseg«et m%t%@xdaﬂlﬁeggeg l§éfé‘?nr2d;‘t'*o FPs qng ternary

the e
set oI4“pbnd°ebJeof-emergyfTa$ dirstlintrathcedf fromt rthm secohtesection of the
_ reconstructed tenpl ate pl anes f any £ect in
R pEes Sy e abe Qualdoon o HinaRban B aretyleis where the

oul K @EnctBY aﬂBoF %erfg{:é%h aﬁ@rﬁfs%ﬁﬁﬁ&@ﬂh P this outer

each tenplate at eac er t above grey
locrpaoamlﬂalr sett ofombjedt#mweggyaylsverleaw fzme;acw transmrsrs@lned\epth where
i de atl on

| fi
the 3aP¥e FHEEs BE rastBhed oPlests Bhine piRe Ry flefSostpypted arey
|mi§gé§‘ of 8hétnbbjeet aFéIGthe8er$é‘rQ¥\f$e\Ie|I§3 TfHe‘hWthH fIé\b@)ré@éeQIsl t@'the object

entification. Ref errlgg 8, the ternary
|0Q¢Fe1de@pt3dpb¥1ﬁbedbpébﬂa§h @ock. sThe jnnter; lﬁPPdﬁLﬁ:’@?“f%Fﬁf all the

mﬁgﬁeé %5 ?te{?ertém bt Pféne @gh ‘fﬁ?géﬁél' AmBEC h object being

ane: I'S execut e
thé lodp V‘a.rtatile c&ﬁsed;ubhw leaﬂ:hmfttbe objdotoat thegancbn’ugiepﬁ‘cplane that
set

havGopaED- BIRRH eiWerBalii 1¢b S cHat, Jirh Stk whderdone grey
re ictllﬁﬂ% 2l fﬁéeer‘ijé@ ISRIs,| I8 GUBREed S&quBHtRlE % analysis of grey
obj e uc -

ts at t e plane”and the reconstr ed grey
difference material identification and generation of colored image (this processing

procedure has been elaborated in “DESCRIPTION OF PRIOR ART" of Patent
Publication CN 1995993 of the applicant, thus no detail will be repeated here.).
After the identification. of material properties of all the objects is completed for the
current depth plane, a colored depth plane is drawn in the depth plane marked by
the current plahe depth, according to the template planes obtained from the first
section of the overall process, the reconstructed- grey images obtained from the
second section and the result of identification obtained above. In such colored
depth plane, the contour of each identified object is determined by the template
contour, and the color filled in the contour is determined by both of the results of

grey reconstruction and material identification. How to determine the color will be

described in connection with Fig. 9. Next, a new set of “object-energy” is also
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15 I mages bf each object at all the energy I|evels.
Then, the flow proceeds to the object |oop denoted by
the i nner dashed bl ock. The inner | oop is executed for
J t ¢ t ik 1 oo
cret%kéed g&grrelag %?Ll;‘;égtﬁ’yﬁ% rﬁ%%ﬁg Cf%)ﬁck)\ﬁecﬁjw Fhagérfdgggemlﬁéétlon and
coloted ibhge récdrsstaiction.| Suckepeodeest is hepeaueelcmrstllaﬂl theedepth planes

current depth plane, that een tche bet ween
havwndemgongrmerab@w m%%gﬂmﬁagwgaﬂ tﬂot colored template

p|arn%€%tlglﬂﬁ 'tﬁ’é‘ efff@E:t &?al%@ﬁtﬂ%a‘tu@fﬂeéré cdnﬁbiﬁééllﬁ%é%rder of
sequenti al to ana ySI's grey difference, material -
the depthiflames |mm acsed cgptadning iad ﬂhefcolmécb rt@rnplah@glar(elsmmlbltmg the

70 ST T TR i ——

deé&gﬁg@g, sef id bR ﬁﬁ@l' fesaftobtainEd tﬁfbdiﬁl #Hd bdclidp&steroscopic and
repeated here.). After the identification of materi al

multi-epergyi ismgst praressing tashpissiesagaordiogyip dhe arasent inventign.
current depth plane, a colored depth plane is drawn in
the depth plane marked by the current plane depth,

. according to the tenplate planes obtained fromthe

Fof inostovespbirgn ob;‘ecté‘lethewaulﬂl—énq:gpaaatenaﬂ higentification method can
reconstructed I mages obt ai ngd from t he é?s cond

idesdipt i bR Mef'ﬂg qfeéﬂ)’t Biect qa¢RATFINGatthen It HikRrgnce between
traﬂgﬁhs%l@em %y@@daqot%ﬁéfe% éi'\%?%)f‘ INéQeThéh&ISthféJHeﬁﬁed but not’

ject is determned by the tenplate
lim&ed ctontsuaoh, thatdoriahge cisl wsed ias| Eiyznltlﬁcatim colarofor érganic or light

matgtgh Shepicor Yo Thetetar HBRufe il frfhetaf] Ao, wasinep each color is

| Ilgﬁ@' %Tr'Hd?k‘ert Bé‘péiﬂsoén \thé Imdhitudeser fheefbdoRseectBadregrvalue. The

Next, a new set of "object-energy" i1s
|dea1t|§oat|orseﬁﬁecﬁas achitved aashawn ia&ig.t.pl ane, which is
“followed by material identification and colored inage
reconstruction. Such process is repeated until all the
depth planes have undergone the above processing.
Wigti treferehae , taalfigt 18 ttmmhmlﬁ{mecgy odedtifieatiphaefectplianstrown as

exhibiting the effect of .nmat identification are
reGBRBHAL P |Eh’aP'Wée GiBing. S0 fradiand ROMELER i Befde of mass
thuE ﬁlfmg the col ored tenplate planes exhibiting
ef f ect of material identification for respective
Obj ects at the different transm ssion. depth. This set.
is the final result obtained through the binocul ar

0 G190 Gt bhoARCER BB PHARCRN B9 gy s oaphe

. almmuﬂvafémplﬂadgammjpebjbmwém and tthe ddentification egdlars are orange '

identification nethod

can
- green, blue, blue and orange, respectively. Thus, no error occurs in material

identification.

In the case that the objects overlap on each other, the identification may be
incorrect if no peel-off processing is made on the overlapped parts. Fig. 10 is a

diagram showing the effect of identification without peel-off processing.
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- regaidinehthes

- overl apped par

identify the material of any object according the grey
di fference between transm ssion irmges at different
energy |evels. The colors are defined,. but not
I|m ed_to, such that or an dentlf ation .
Ascliy 1 519 b es FeatigiEr sleBLiReR Sriab 4 sieef Bpaher filed
witFelilefRid ﬁ@t)‘éléﬁrfh gdd WetHeOomidde ah - paes DoxviIRdNRIth €D% on the left
color is 8 hter or darker depends on the Qfgnltude
angfa pager b@&rféle weitrediggrasiesyan dee righé Theaéﬁrﬁulﬁ aheddentification

refélfdﬁ'%tﬂegllag%ﬂe%\’ng%r&égﬁﬂ é‘% |¢1 ggltl eelcq Y%nhgg %fl etb@h&&arettes in

 thé lpeiper ax 6@ chanight aidd are dnearredteandltheiresott ofrthe, identification

| ead and gol yet hyl ene in the case of mass 20
Be iy thehpaparpax; ig pagtialygrongent i fi cat i on

targets are arranged fromleft to right as graphite,

alum num iron, |ead and pol yethyl ene, and the
‘identification colors are orange, green, blue, blue
In _aauiwtmsanﬁlg, Tieshews ithel 9ﬁe6th@fs muiftbeeerg;vr madernialsidentification with
.mat er | 25 i dent,i ficati e .t hat
big s SerRacRplsP el oA CBeTIag On HARBER stRdes iR, Fio- 11(a
shB®rs th@%flﬁﬁbm?fob’ébtpﬁﬂi Frf. f11(ts)csrm the iiéntifdeobgectt he

Fig. 10 1s a diagramshow ng the

effect of identification w thout peel-off processing.
30 16 As show in Fig. 10, a large rectangul ar steel

5 W O A 08, AP, 0L Bty

idémtificadommlltlm Kiscular steeodoepic p@eiebfapmpssmgmn mmwamed obstacles,
with cigarett eFSon t he

the uerAPPEG: 67 'i*%egta'.sorf*ﬁeﬂgn %aﬁrﬁu%ffﬁe@%ef ?%m%fﬁ# nfig. 1),
arfdr‘thteh@ $iffle ﬁﬁ@r%diﬁ"th@ﬁtguéﬂ’&j BLBAERM §5s ARd 5hé E@arettes in the

paper OX on t si are | ncorrect, and
papes (ox afe idestifiek@si ¢raage|r@nreae@@agonrggnph@sab@wm in frdg. 11(b).

AL
Filyy S2cSoh ARG St B ATsBte bR, G 2 Bifosliy pBdoscppic and
mﬁl'fi%r??es&)fﬁﬁﬁgaﬂﬁtﬂb@réﬁ}i i€Cimagh ﬁ% @@eml%mrdﬁ@% EH%E present

I dentiT1ed object whi ch can De 'seen from Fig
inwgntsmp| A& ngjowmennﬁlgM%nmegyblngc@Iar #tereoscopic and multl-energy

scanning radiographic imaging system according to the present invention
comprises: '
a multi-énergy radiaﬁon source 1 which is an X-ray generator for generating X-rays

of different energy levels;

a beam controller 2 which receives the X-rays emitted by the radiation source 1
and generates two beams of X-rays which are symmetric or asymmetric and have

an angle between them;

a left detector array 4 which receives the X-rays of different energy levels and

converts them into electric signals to be inputted to a left image acquisition system
6;
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| depthsagcgn

identification with binocul ar steroscopic peel-off

processi ng on unwant ed obstacles, the -overl apping
steel sheet is identified as blue representing netal :

F _

= by et Gl AP0 D5 GOL Y AR BOBRErEY ol ovls ane

com)\mmr tiken iate alelsrit | digreals oo beangatte@rmeaerighmfg'nage acquisition
gﬁnlc as shown in Fig. 11(b). The. identification '
SY$€ {ts are all correct. Fig. 12 is a diagran1shomﬁng

the architecture of a binocul ar stereoscopi ¢ an
thenleft imageepeguisitian sypigm Savbighdgreves g ea?@tﬂ%wr@ﬂﬁ sent by the

Ief@&étgf:@éﬁgrakqt ﬁk?a@ﬁ ek ||%98brb‘é?é‘frbm‘the'°€1?ét'i’|8 daﬁs

I hocu ar steredscopi c and nultr -

o R A AP TS R AR B o
righogétestot arfaly@an® adfuires Aghideiageaiats froat theesletrici i sr@'lals
X-rays of different energy |levels; 25 a beam

a &ﬁﬁ‘élﬁt@P beicedsitg! S/3tdrR BWHRH felBivEs rtﬁé“fef?ﬁhatr%t%abé‘ﬂata from
lation source 'l and generates two beans X-Tays

thaMaﬁcanchn@htqma@etadq@n&worasmmﬁ end\ﬁoreﬁae@tlveéh papegsses the left

AT PabR Ul P o 58 g8k S b T Sefion on e

.cpoleférl Bispl! astwelk & #naldeptio glané npashtigsivn Mnagds at different

|maeac&ﬁ|i3|t|on ystem 30 6; 17 a right detector

ded fféﬁbﬂ\?ég‘qgﬁ’éja)tarays of different energy
| evel s and converts theminto electric signals to be
inputted to a right inmage acquisition system?7; the
l eft image acquisition system 6 which receives the

In ethecprésenisingvmm)nsehhe badiatien $oured t1,deoceperatingr with the beam

cofg 4; SIS WP iRz X BYAuINEN BIF SYRTIRIG QARAmetic and

hal& cai \éﬁ@lé hRtWEEE tthem. Srmad-ﬁay@erdﬁebypédwatmggmrough an object
detector array 5 and acquires ri i mage data

ungpe detestionis aredaagived é)yctbl@pleftede%pet@b égr@w’g 3§93ﬁhr@nﬁ'®t detector
e TERBSAIVERE <hiapef chnfBted 98 L APERATIL 1o 1 olfiEd to the
left efRECighy ehmagepaogeisities tystehsf 6 and 7, respectively. Having been
processed by the computer processing system 8, the image data from the left and
right image acquisition systems 6 and 7 can be used to display the image of the
object under detection on the computer display as well as the depth plane

transmission images at different depths reconstructed from the image data.

To the binocular stereoscopic images. at each of the different energy levels, the
binocular ‘stereoscopic and multi-energy scanning radiographic imaging system
according to the. present invention can apply binocular stereoscopic processing
technique to obtain the template depth planes of transmission images for this
energy level, merge the template depth planes for the different energy levels into a
set of template depth plane images. Then, based on the template depth plane
images, the system performs the grey reconstruction for the multiple energy levels,

respectively, and identifies the material at each .depth plane for the reconstructed
18
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10 and right imge data and di spl ays the irrage' of the
obj ect under detection on the conputer display as well
as the depth plane transm ssion inmages at different

degﬁ‘\ eﬁlgﬁ rﬁggé;% :'IFI'HaCé %jcniic! é’é@d‘ghﬁp gﬁﬁ%‘?o?%éesaire fg'ce)op s rc]igescribed

forwtHeh birveuke agterddscopitt ant | miultkenengyt SCérvmn@aaﬂB)gDéphlc imaging
X-rays, which are symmetric or asynmetric and have an
methed, @ngelh mali%q!ﬁseméows a9%feP§P¥9é’r h@fénet r at i ng
t hrough an object under detection 3, are received by
the left detector array 4 and the right detector
array 5, respectively, and then converted into
Figsl 6t and d4sArgrpiais and stide Viepis: foe dchematie layoet of theddeviges needed

for, F R e 0EA e BRsBCLERPuGn T RenBstERE Mg dalit iy depicts the
casey 9 &fnimefriderdyBesmd alaadf FigM3d debfitd the taski 8Mhsymmetric ray
I mage "acqui sition systens 6 and 7 can be used to

beamspAgyshome innfeige. 18fanché4, Mg @@l{lm@ﬁgershtﬁe@@cpromegﬂn the beam

cob PIEITRINE 1201 RNl by s A SBus B, g gy beams,
eltlﬁerosymhtetna:r&gea@kahmetr% Wmtdre alnglwwtweetsttaeepsmthl of the left
ges at each of the djfferent enegggry | evel s,

detﬂqtﬂj’cqf raye 4aed 8Jaes girectinthenbeam segtar fipfoed i tH@ colhmahon slits

of rtﬁé“d&t'b?eog‘l'itccéllmgfdig SEAR (l eRamHetRY 6H?e&thl?n<§5re§§tréktlon in a

I nventi on can app bi nocul ar stereoscoprc processi

- symedtric dashiom awilt Hannsmhethe eatpdtet esigregls Ho ptharmresbondmg left and

iohl RiFGR BSAURtRR R aTstS] ThoR ibecrhaiier Prarmseiff FEgeits caries
out ﬁﬁé’g@p?&e‘é@ tgoti) dam MearsiaphiBsiBharfagedtsefep tﬂ_fb%he containing
based on the tenpl ate depth plane i mages, the system

- deptrinfarmatione grey reconstruction for the nultiple

energy levels, respectively, and identifies the .

mat eri al at each depth plane for the reconstructed 18

depth pl ane i mages. The specific operation and process
Asadesdrfbedsmﬂweisatxmscexmenle ftbe meéhdd mﬁdbbapresent invention can

7 i dj
endhig it ardtiicaliin. elttoirReanacichi fot 88 Ge dominant
Frfbléﬁéh@%dled@o oA the %nléﬁorﬁfh@n@éoﬁb@n@h%”m%%s?hlgﬁo? images, by

views for schematic |ayout of the devices needed

’ rpeelm afe e r@omh@nprmmnan’o&eﬁheononvmﬁp@et |melltlyenergy material

aeffififion fiptide, C5RuSerliny oy FRSFebrial X Eeklihsind Srmppnents along

the ray direction. For example, in the case that a thick steel sheet overlaps on a

small bag of drug along the ray direction, the conventional multi-energy material

. identification method can only identify the steel sheet along the ray direction,

without any result regarding the drug. With the method of the present invention, the
steel sheet and the drug are first divided to two different depth planes through the
binocular steroscopic technique. Then, the multi-energy grey reconstruction is
applied to each plane, so that material identification can be made plane by plane.
As such, both the steel sheet (dominant component contributing a large amount of
ray attenuation along the ray direction) and the drug (non-dominant .component

contributing a small amount of ray attenuation along the ray direction) can be

19



~beans. -As shown in Figs.13 and 14, two collinmation
slits .are provided in the beam controller to shape
“the X rays emtted by the radiation source into two

. : [ r: i
iohfiacd °BH% bfhoR S HecBIgeR hfitiort Y PERICLIfl, USSL 3T materia
idedtificion forcteanEmiesivhyimdyesbefim freighdrcamédinerdnbtpet transmission
~collimation slits, of the doyhle-slit collinmator, scan
images ekaniTABNE IFeNENEC AR OtIBtic SHER 3 eXPIosYRraAd g, are

A5G ' L Gaypl ién, ! he size of the
us 5 M4BT TRIMRAnc ARURE UG Faf BN quc 5 the
freigys containéfnany thehiongodistanse off tayepenetgatiors tihwergfore, the method

caryies 15 qut im processi.n obtain.the .
lay$ exfisRans o1 ABRG I ROGEEAtAY af daBDi ahidly sushasexplosive.
drdrggf ﬁfdﬁﬁ%rﬁfthe A8aiiaR§ tiaRSiddion ltRagdoyrtheadightesoritdifer.

thod of the present invention can enable naterial

identification, along the ray direction, not only on

the dom nant 20 conponents but also on the

non- dom nant conponents. in transm ssion inages, by

peeling off the dom nant. conponents. The conventiona

multi-energy material identification nmethod can

identify only the material of dom nant conponents

along the ray direction. For exanple, in the case

that .a thick steel sheet overlaps on a snall bag of

drug along the ray direction, the conventiona

mul ti-energy material 25 identification nmethod can

only identify the steel sheet along the ray direction,

wi t hout any result regarding the drug. Wth the nethod

of the present invention, the steel sheet and the

drug are first divided to two different depth planes

t hrough the binocul ar steroscopic techni que. Then,

the nulti-energy grey reconstruction is applied to

each plane, so that material identification can be

made pl ane by plane. 30 As such, both the steel sheet

(dom nant conponent contributing a | arge anmount of

ray attenuation-along the ray direction) and the drug

(non-dom nant. conponent contributing a small anmount

of ray attenuation along the ray direction) can be 19

identified. The nethod of the present invention is

particularly useful in material identification for

transm ssion i mages of a freight container. In the

transm ssion images of a freight container, harnfu

obj ects, such as explosive and drug, are

20
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25

usual Iy non-dom nant conponents al ong the ray
direction, due to the size of the 5 frei ght contai ner
and the |long distance of ray penetration. Therefore,
.the nethod |ays a fundanent for automatic
Whdeistdléimeat ison of harnful objects, such as expl osi ve,
drugs, etc., - fromthe scanning transm ssion i mages of
the freight container. 10 15 20 Wat is clainmed is:
- 1. Amaterial identification and imaging nethod using
1. i matstatridsitificaienping maginguhtthoeinesigy binenasar stéroscopic and
I mages conprise the followi ng steps: 5 1) causing two
mUthﬂ‘%’QYﬂﬂW'%%ﬁﬂﬁ“@%%@W@Pf'g?éhei Fﬂ?'SW&g P8cts under
exam nation so as to obtain data of left and rrirqg

ht -
1) ¢ausirgrves aogledn&irisbearps e penatiateihiugly ebjapls undegisxamination

<o S5O B TP BB ke elas s ot and
rigtterifinslssieAimagesbind satthiagsthe sesults dfrmagbsegrdintation;
repeating the above process on transm ssion i mages of

2) c‘g%'{iﬁé iaodbrgﬁﬁ‘?iéﬁé A18ng ke @BHMI direttieR RF theptransmidsicraighages;
ept p:a e for the Vvariation energy; 4) nerging the
3) FaRdirg), B BB ot O e i IR e o R ItRCeneroy to
obtairda @epthoplané of eackdepthr pianedogthewariation energy; | evel s;
- 5) identifying the material of the objects for each of
4) Wﬁ‘érgfhggh% geptphpmesﬁﬁ)g ifférent ienerdh5 levalsd atidipe lsanpe gosition to
succeeds. 2. e nmethod of Claiml, wherein th .
obigiyaeiepii PinedPr sar IEBI PIRRE F1cRIETOY o AspredElyined group of
end qg\%l%.n the step 1) is inplemented according to an
edge extraction algorithm 20 3. The nethod of Caim

1 Ofc 2 erein: e ' ' ' £ .
5 Befi o RSl BERGRTECO Tt P e b ppSbonsincton
said UEpth pRmessuepeeds.. 1) extracting edges in each of the

said left and right transm ssion inages;

2. The method of Claim 1, wherein the Segmentation of said left and right

transmission images in the étep 1) is implemented according to an edge extraction

algorithm.

3. The method of Claim 1 or 2, wherein the segmentaﬁon of said left and righ:t

transmission images in the step 1) further comprises steps of:
1) extracting edges in each of the said left and right transmission imagés;
2) obtaining enclosed edges in these images;

3) segmenting these images according to the obtained enclosed edges.

4. The method of Claim 1, wherein the matching of the results of said segmentation
in the step 1) is implemented according to the geometric characteristics of the left

and right segmentation results.
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2) obtaining enclosed edges in these inmages; 25 3)
segnmenting these i mages according to the obtained
encl osed edges. 4. The nethod of Claim1, wherein the
mat ching of the results of said segnentation in the
step 1) is inplenmented according to the geonetric

5. Thimetiod ofClaim fnanatendfe spa@filordIRe rSRARET it GBomentation

in t@%gﬂ P?Jrg-ferfcbhdrgéglstépsoéf said segmentation in the

rther conprises steps of: 1) creating objects

1) %gétj@ggﬁgg%mt@ éﬁ?géﬂ%ﬂbﬁ sesutts2) al locating

to the property set of the

2) %B@Eﬁrﬁgﬁﬁoﬁesg ! %t%&oeéﬂ fort eﬁg‘é’@%f”we dthj8cts.

transm ssi on |rmge in the depth direction in the step

2) is irrpl‘ement ed based on the matched result of the
left and ri

o AL A8 il LB g e
trarg[t'ﬁlsgi%ﬁq %Uiﬁttherh th gf@éthﬁhrU%é gfed bpid Bﬁplbﬁtemted based on

i's inplemrented by peelin _
thegmatcheli m&sqﬂ aﬁdhbyleﬁl and righinimages ast wehoas tg% q_,q{gespondlng
$iﬂnerm)s in particular, the grey value for the
ab W@Hgﬁa%ﬁﬁect 15 on the outernost lay i mediately
adj acent to the background region is first
reconstructed and peel ed off fron1the i mage, the
obj ect on the second outer nost

(é SorgIEl EE@CF fh template
7. The meshedpbCladm, 1. avereti @eprﬁsewm '°Ps°fr€’éﬁ)éé{ OAthg temp
platggg ngﬁ eeiyﬁte%a:i 4§ |ﬁ1§Fe9'@§ﬁtfeHgW ;géb @@ fﬁgﬁﬂl PRLE 1amsl botblane from

tche ect met hod of Cl aim
thelout‘ehﬁwﬂ to. thb&nmanmstt inupErticuian they gee,y valugéor e madched object

npl ate planes, in ste f er c S
onsiepSutATIORS T8kt BEPARIES SEiacHY: Bhthe oBf el Tegion s frst
red¥nSYudbUshd ﬁé&@@tdfpﬁbhpfhebu‘nag?é nBe %M@bt cﬂbtlﬁ:tsscorﬂj outermost

retrreving the properties of one of said objects;

, lay3$ tivert pravensedyinvihetsasne way, ard HiepPEAresvie i rqp&@t%untll the grey

value gcgr%truc |3rt1 htag t}ele% pé?fao%%O&H‘Qu of the matched objects.

8 The ‘method of Claim 1, wherem the reconstruction of grey value for the template .

planes in the step 3) further comprlses steps of: |

1) estabhshlng a candldate object set for grey value reconstruction by using said
objects;

2) retrieving the properties of one of said objects;

3) determining whether the retrieved object has an edge adjacent to the

background;

4) reconstructing the grey value for the object if the retrieved iject has an edge
adjacent to the background, and, if the object is overlaid by another object,

reconstructing the grey value for the overlapping object as well;

5) removing the object from the image;
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4) reconstructing the grey value for the object if the
retrieved object has an edge adjacent to the
background, and, if the object is overlaid by another
{ 0
and’ @ére]%gB Br’rg& Eﬁéé;ﬁ%iédt%e? qﬁe%@é ‘Qfltér'% Ta?]ég rr% % t%d Juggl the grey
vald¢ pvohbRuttimyhas B2eapedrfboned antalbdf thetmatchet objsisisect
set, the steps 2) to 5) are repeated until the grey -
val ue reconstruction has been perforned on all of the
mat ched objects. 5 9. The nmethod of Claim3, wherein
sai d edge extraction in the inmage is conducted by
usi ng Sobel and Canny edge detection oper at or
éT}He'tr?t?;beBP@I im 40w x@f&?idﬁ i th\éhﬁfa@brls conducted
or ‘eac I n an glta e , said io
by &@bglswégandﬁamyledgeoqlrﬁeeﬁlmr operlamn ﬂmﬁaaewaltg ht ed
grey difference between the pixel and its nei ghbor
pi xel s, with the nearer nei ghbor pixel having a |arger
wei ght and the farther nei ghbor pixel having a
smal l er weight. 11. The nethod of Caim9, wherein the
edge extraction by using said Canny edge 15 detection
P tinlanddigitall image {f(i, j)}, said
10.0RF FEMod BTRITEY, ShERinJor chth PRRA laRuigRel iMage {1 )
Solok|rezigei detectrog repeiTant cagculms efwer ted gy diffeesnce between the

X e- rder |aI derJv tive; yi.n
oixSh gt 28 i ForRle neh i ters? I GRRn R RS 14BeF weioht
ancﬂﬁieeﬁhhegnél%ﬂbapﬁﬂepha\nlg adgeslieriveightdoubl e threshol d
al gorithm . e nethod of Caim4, wherein the
obt ai ning of enclosed edges in these images in the
step 2) is conducted such that two edge pixels are
11 CRRGEYFE DG, SruhotB e BUrRAIOHPER LGB Cagay edge
detéBtronThﬁerer’rmninprﬁsdél steps 8f: wherein the grey value is
:reconstructed for the object retrieved in the step 3)
1) drhobihthPln @ebgbadthan Gadgs filtdj;acent to the background,
and, if the object is overlaid by another object, the

2) %I@Mlaﬁﬁ‘g YRe inSadrit@esdrid/girestiont oft Gradentdy W of finite difference of

one- order partlal derivative;

3) applylng non- maX|mum suppressmn to the magnltude of gradrent and

4) detecting and connectrng edges via a double threshold algorithm. |

12. The method of Claim 4, wherein the obtaining of enclosed edges in these
images in the step 2) is conducted such that two edge pixels are connected based

on the similarity between them in terms of gradient magnitude or gradient direction.

13. The method of Claim 8, wherein the grey value is reconstructed for the object
retrieved in the step 3) if the object has an edge adjacent to the background, and, if
the object is overlaid by another object, the grey value is reconstructed at the same
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15 B)e methogpi C.Iamgb Mwainstih?. ig@n

time for the overl apping object; then, the object is
renmoved fromthe object set and the image. 14. The
nmet hod of Claim1l, further conprising: 5 performng

tim?ﬁ% Ehre:ﬁ%?&%;gﬁg bOBct; e Ghe 'dbjERtas rérmeled h@nP[HéJbBJébt set and

ation of reconstruct ed grey images of

thedmalgeobj ect wWith respect to the binocular steroscopic

transm ssion i mages for one energy level, so as to
| conplete the grey inmage reconstruction for one energy .
| evel ; and sel ecting another energy level to repeat
14 1T HlcBitsd 6f CHiY! , ifurgtgst dopaprisihguction, i o and
finally conbining the reconstructed grey inmages of the
r%ﬂ*nﬁﬁ% ER{X %boﬁsﬁﬁjcﬁaﬁrQibjed:te‘v‘@rhévalntfﬁbn@nmesQir|g|n1a‘$ image and
Caim1l, whérein the identification in
gersgration) oft mecmrwtﬂﬂprgr%)eslmaq&,ﬁr fobr eRetYy %@Iemthampect to the

W TEE A P O EMRAE T T
theQdte§ Ghhagh ecantrittibh forl ctid enadyrlewdlf and ews have been

Lmtchedeand the grey. reconstruction for all the energy
selbEf] SnBfer A& @JHP'tStr% eaftfe GRS Bf ggey Mage reconstruction,
'gdes& ng resu§¥s of al 6t he. objects m%rde? of
ancﬂépaﬂy pombireng the:rai:onstélﬂcteﬂ gregimages of tfz-moblﬁfstefﬁr all the energy
for the objects at each of.the.depth-planes. 20
'e"ﬁga'gg? Ph8EUI ar st ereoscopic and nul ti-energy scanning
radi ographic i maging system conprising a radiation
zource (1), a Ieft detector array (4), a right
etector array aleft | :
nat%j;@?léﬁ:ilrla %etpI @:}Hﬁﬁg}' c%nmpriseS'
conput er processing system (8), wherein 25 saj
perfeniniagi sequentially anslysis efh arey Liffgw@neseatraateriat Tdentification and
rati r e € [
sefigprofetiotrsiohimade clh SrEL & ins "Ry 1T ANED 8!t and righ
vieWsf i BVecbéere Aedtglyed aneltise grey revonstructior fozrallithe @nergy levels has
electric signals to be |nputted to said left image
bear gamAletednandyst em (6) ;

combining the processing results of all the objects in order of depth planes into a

set.of identification effect images for the objects at each of the depth-planes. -

16. A binocular stereoscopic and multi-energy scanning radiographic imaging

-system comprising a radiation source (1), a left detector array (4), a right detector .

array (5), a left image acquisition system (6), a right image acquiéition system (7)
and a computer processing system (8), wherein ' '

said radiation source (1) is an X-ray generator for generating X-rays of different

energy levels;

said left detector array (4) receives the X-rays of different energy levels and
converts them into electric signals to be inputted to said left image acquisition

system (6);
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said right detector array (5) receives the X-rays of

di fferent energy levels and converts theminto

el ectric signals to be inputted to said right inage
sai@ChgHtSdétettor &y} €5) (dosiveitife |eriys BRafpfareft ichergPievels and

system (6) receives the el ectr| c SI nal s, sent by said
converts themydnteceleetriarsignals 4p kmdn e saidefight ifagge acquisition
sysg%g rom the electric signals; said right inmge .

ISition system (7) receives .the electric si gnal S

saif g impag Geisiioh Vel 1E) Beelies heletbelRsiGEd goft by said tef
deteeftp Ul (B) 966 ashiitesSieRtigagetata Goeh HrsSeldairid shgtﬁélsﬂnd
right inage data from the left and right image

- sai@GiYhtS g@naéq\(ﬁélﬁﬁﬁ s(t@tbm?‘@ fe7c~)e|\fe%sfh%cél'e¥5ﬁ‘|cy S|gnals sent by said

processeS sald 10 left a right im ata a
rightideftectonarray ¢v)pnd asalirestright deage idata %em@ealeaﬂrw@ﬁgrm!s
object at a specific depth plane. .17. The scanni ng
said aﬂwqgrtapbracessmgmygtemiﬁ)emcm“vﬁ saich [&fi,ancheglef image data from
uter - processin ste 8)..se ts said |eft and
theg AN 1ok Anagk ACHISR USRS IATHL () Teshaliely’ RipcEsses said
eft B TR Agae S o1 e“?f‘z‘%;‘%?@’s;? e 1O MERIP tpf anaterial of an
objelcifeiteaepﬁmfm]é&@y plavel s in the depth direction,
reconstructs grey val ues of the depth planes to obtain
a depth plane of each depth plane for each different
energy level, nerges the depth planes for different.

17. GTT% svanrigy ﬁdo@hphi@ﬁn&@ﬁﬁg pystetr @frCIaﬂnoll& &WHEramd&ﬂd lRomputer
| ane for each depth plane and ener

proseésjeg Syaians @Bgsedments saidlefl anexnghg lmaaa da!erﬁtuchﬁf%f@nt energy
b5 P i € SR of SIELSnORRGH bRl fanes o
trarf3raissioh6 ,imhges hef tbermrffeseng ermrgyeatevetsntinoltﬂmerdeﬂth direction,

recoBFiAg GI5Y VR Al s AGPSMAGES 4o OEUME s PlaRof each depth

- plaﬁg'f&rr‘eé’érredlﬁ¥@ﬁ‘?bhé@¥<JEvélsmH?§éé tife aagpﬂwanegrbradmé@m energy

tween them 19 he scanni ng radi ographi ¢ i magi ng
levelpsat dhe samel pasitiondo alteing depthi pjarmesénﬁe ridendh Indang and energy

of ' S’pfaed%‘f)eurrt%\lr(laedS rdu COIf lén%%)(? rlevglg %ﬁd identifies the material of each_

matched object in each depth plane.

18, The scanning radiographic imaging system of Claim 16, further comprising:

a beam controlier (2) for receiving the X-rays emitted by the radiation source (1)
and generating two beams of X-rays which are symmetric or asymmetric and have

an angle between them.

19. The scanning radiographic imaging system of Claim 18, wherein said beam

controller (2) is a double-slit collimator.



20, The scanni ng radi ographi c i magi ng systemof Caim
19, wherein tw collimation slits are provided in
said double-slit collimtor to shape the X-rays

20.€The s&shrinyg relidgrabhidl ieddging syatemeofi Citim t@pwhessin two collimation
sector, either symetric or as

Slity SHOPEVARE IR S@dzqoubf?réhfs%%lmﬁ@ é@?BQr"EAERF Eaxm@ﬂ%& by said
rad?gtﬁ)tneg?)@rfceq’jfd Wv&(ioeé’me:{e%'t(g' %ﬂhgr grtn?ﬁét% of_ﬁ%ﬁ%ﬁetnc, with an

I Ses -type arrange et ect
angleamtwegw theatn.ogr aphi ¢ i magi ng system of C aim 16,
wherein said conputer |0 processing system (8) can
al so display the i mages of the objects under -
detection, - respectlvely, based on the Ieft and right

21 'T‘Wél%céiﬁﬁlﬁg rd8iographic imaging system of Claim .16; wherein said detector

arrays comprises “L"-type arranged detectors.

22. The scanning radiographic imaging system of Claim 16, wherein said computer
processing system (8) can also display the images of the objects under detection,

respectively, based on the left and right image data.
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