METHOD AND SYSTEM OF MATERIAL IDENTIFICATION USING
BINOCULAR STEROSCOPIC AND MULTI-ENERGY TRANSMISSION
IMAGES s BACKGROUND OF THE INVENTION FIELD OF INVENTION
The present invention relates to the field of radiographic imaging
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of high-energy X-rays, radiographic imaging technology can look info thé

inner structure of an obquﬁsm1@3wW(;ESS to obtain a

transmission image of the object. For the examination of 15 large objects
in the prior art, the operation principle of scanning radiographic imaging is
that X-rays are emitted by a radiation source, penetrate through an object
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ected image. In'general, 20 a transmission image by radiographic
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e}gﬁqm%%keo?@?ggé%%}? éiofgnagning beam if all the objects are exactly

located in the In of X-rays. This is adverse to the
examination of an 25 object hidden behind the others. In order to
overcome the above problem, in the field of radiographic imaging there

pEsThaeTIRNPeRe P RIGKRINRY Mmature technology for object
reconstruction, which utilizes computerized tomography scanning
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in%‘ﬁ‘sﬁgﬁﬁﬁé‘ﬁgys%é”na%“& Rt Siner B e o an obect NS non-contact
manner so as to obtain a transmission image of the object. For the examination of
large objects in the prior art, the operation principle of scanning radiographic
imaging is that X-rays are emitted by a radiation source, penetrate through 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
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1 low passing-through ratio. Further, the material of the examined object
cannot be identified. In contrast, the processing technique of binocular
steroscopic radiographic 5 transmission image is a radiographic imaging
method that can separate, from an image, each object at a different depth
in a detection space to remove any unwanted gbstacle. This tec
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iddRtd@el so that the overlaid objects appear more obvious. However, the

material property of an object cannot be identified. On the other hand, 10

the identification technique for multi-energy radiographic transmission

image can identify the material property, such as organic, mixture, metal,
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technique if the object absorbs only a trivial part of the overall attenuation,
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identification-imaging method for a large-sized.object .radiographic .
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ng to the present invention, a material identification method using
binocular

SUMMARY OF THE INVENTION

In view of the above disadvantages in the prior art, the present invention provides a
scan radiographic identification-imaging method for a large-sized object
radiographic examination system of a simple structure. The method combines the
binocular steroscopic technique with the multi-energy transmission imaging
techinique to identify 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 technique. 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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steroscopic and multi-energy transmission images comprise the following
steps: 2 causing two angled X-ray beams to penetrate through objects
under examination so as to obtain data of left and right transmission
images, segmenting said left and right transmission images and matching

catRgrig it shgald RegmeriatienicicaiagaAdanslain depibtalanRalaigmination
the depth direction gf the transmission 5.images; reconstructinq‘a dggth

SOAENE GreRimddya fbIRTHAS Ak IS eIsHMIRE GBS MRPR ARG ARE & id left and
rigPtESss iR S[enaMmssion it ages pingiia as enetd s ddabiainenteioplate

depth plane of each depth plane for the variation energy; merging the
creatipiate pdanss torddifférembere ejy hevéhs at dnéhsainectieptiofotbbtdamnkomission
ima tgm_plate depth plane for each depth plane and energy of a

pﬁaosétermined group of energy levels; identifying the material of the

ree@Jﬁ%éﬁﬁ§%%9@%%5?@%@9%%@%&3&%lemsgigrs;

succeeds. 5 With the material’identification method using binocu

re SLAOSSARIC AW HEESNL Y (HEASISS ONiMARLSACLRTSHRE i8Ry to obtain a
present invention, any obstacle that domin{%tes the ray absorption can be

teeeAia PO RIANE YTECR HABRAGP 1A the YiEih By beam.
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e ma property o objec
a wroblagatgattiolanztive camtadepith thiefikecdreberglenfiffedratidtethened group

ofrggéhod pfvtg}se, present invention, it is possible to identify the material of a

ROR-dominant component along the ray direction. This lays a fundament

idé%if?h‘wtg%'%' ntficatiag Jdacrai, PRI So FUHASIRERPS) S hHERuction in
etc.,” 25 concealed In a freight'’container. BRIEF DESCRIPTION OF THE
depRAMANGI tEgedSshows a schematic depth plane of a detection space

with the binocular steroscopic technology according to the present

invention;

With the material identification method using binocular steroscopic and
multi-energy transmission images according to the present invention, any obstacle
that dominates the ray absorption can be peeled off from the objects that overlap in
the direction of a ray beam. The object that is unobvious due to a relatively 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;



Fig. 2 shows a detailed flowchart of image segmentation according to the
present invention; Fig. 3 shows an example of the matched template
planes according to the present invention; Fig. 4 shows a flow for
obtaining a template image for each plane and energy according to the
present invention; Fig. 5 shows an example of a left view and its grey
reconstruction obtained by the method according to the present invention;

thgér% ;é}gavmf?aé'Oa%{gﬁaieﬁi%mwﬂﬁnég@rggém@aﬁu%dgf@ésml?g to the

vels according to the present invention; Fig. 7 shows a detailed

Hrewdor isiveidiaiiergy grey reconstruction according to the present
invention; Fig. 8 shows a flowchart of material identification of an object at

Rigy BlafowsecardmpioRif pfehinmaehasnianplate; Rlangraasdidiiagio the

5?@3§ﬁ@m\gﬁﬁgm-energy identification for various types of
non-overlapping materials; Fig. 10 is a diagram showing the effect of

rglenEfigating withavirpeelekinmgcaseingldty ibbieofciagiemsihawingd energy
the effect of multi-energ%y material identification with binocular steroscopic

RSP IO SE PIE RN VSR obstacles; Fig. 12 is a diagram showing

he architecture of a binocular steyeoscopic.and multi-energy sganni .
TROPRNE PG et S et A eher B ARG Htained by
th3AranHcBEcatr dilanteiehes maachierattivlayout of the devices needed
for implementing the present invention; and Fig. 14 is a side view of a

Bichednsttioviayafiofl ther dpelges caestacsfion infpirme imiag diseqirdgtarent energy

Ve gtlz?cndod'rding to the present invention;

Fig. 7 shows a detailed flow for single-energy grey reconstruction according to

the present invention;

Fig. 8 shows a flowchart of material identification of an object at any plane

according to the present invention;

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;

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

with binocular steroscopic peel-off processing on unwanted obstacles;

Fig. 12 is a diagram showing the architecture of a binocular stereoscopic and
multi-energy scanning radiographic imaging system according to the present

invention;

Figs.13A and 13B are plan views of a schematic layout of the devices needed

for implementing the present invention; and

Fig. 14 is a side view of a schematic layout of the devices needed for

implementing the present invention.



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 multi-energy transmission image
comprises three sections of implementation described hereafter. 5 1.
Obtaining a template depth plane for a binocular steroscopic image of
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templates for_different energy level into g tem Iateréora rou of}'gbe

SRR 5 FIGoT AL QUG B a B e ST B rrence fo
thieaguvEt) the binocular steroscopic technology according to the present
invention. As shown in Fig. 1, the detection space is a 3D space formed

of a region that is scanned across by a sector defined between a ray

source (origin O) and detectors (vertical arrays at to positions of L and R).
Acchislisgade, heepresemts theerdionirthgomatigiial Sarnidieatione pesiish using

of y nd Rirepres #3/1 | (,} e r

R S TR T, E R T g Binbes three
settiveencthinielie naeitalkitn desbebatsheBRftely. 1, the scanning direction
(vertically upward) is set as the positive direction of x axis, with the
coordinate value being scanning number. The arrangement direction of
detectors (vertically extending out from the plane of paper) is set as the
positive direction of y axis, with the coordinate value being detector
number. The horizontally rightward direction is set as the positive
direction of z axis, with the 20 coordinate value being depth plane number.
The space, in which the orthogonal coordinate system is built and 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




15

20

25

30

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 a5 plane and the x-O-y plane. L and R denote the
projections of the left and right ray beams on the x-O-z plane, ;
respectively. B denotes the angle between the projections of the left and
1. Qgreinipedatagutairdentlh plane, s Biaqs Bislerss toainiinagant each
enBRyYS8Y tQ;ﬁh}aiﬁl efhpaim bpacs of RONIRP ISP id He rigCiyhaigae. fo the
_that is, several edges are firstly obtained hy detecting local discontin%iég ;
bingRHAESEBFMRERRIGviliagRh Bﬂ%rﬂﬁf&mg@%xa%eﬁanmﬁom tes for

difreliahleincitg Seg@ianialianghpabe o Hageoiipstdrimpag e tiretinibges.
inherent characteristics of the X-ray transmission image for overlapping
objects. In the present invention. Sobel and Canny edge detection

operators are used simultaneously to extract edges, which are then ,
Figsyftisésiwedansshawatitadeptiyelamage. Rirfaleciageseaaseith the binocular

ste‘?Séfé_HB?@@e%ﬂ&%%@ﬁ%é&&&#g%@@%%@&ﬂ%&%@% enclesedFegians. 1, the

In this way, the segmentationor each of the left and right views can be

detasiiplefRRJe ¢S5 ReWSRR BRtRIBATbREFRMSSH AR dG8 sy RfatagBracross by a
seBeroNdinetp thaptesent 49 inyeriionowndth referengeitasuiied avepralfiarays at

description is given to the image segmentation in the present inventio

posHeTof 148 With BdBE SRAGROH PSS OF. heihe Pé@@ﬁ%%ﬂﬁbr%denofes

theSebatianbEaany edgereetecing Rrerpioseate lusieshaimyhaneruasty tarays, OL
edge extraction. is Consider a digital imageé{g, D} 1@, ]) represents the
angrefRdaneterdpixendtriget ity kRasd #ne jAiepRism mangie pgtween the left

represent of all pixels in the image. For each pixel in a digital
anpﬁ@g&j f?(Y,S%E%EbeI edge detection operator calculates a weighted grey

difference between the pixel and its neighbor (upper, lower, left and right)
pixels, with the nearer neighbor pixel having a larger weight and the

In fagher (R0 feiahhes Bixsdthayveracsmplpiwvertohis astdefinrdiodhioe direction of
X faoxics)yw\r/]w he %%tloonc;g’r "H%EtAe’ﬂ\Té?LYé' being scanning number. The arrangement
direction of detectors (vertically extending out from the plane of paper) is set as the
positive direction of y axis, with the coordinate value being detector number. The
horizontally rightward direction is set as the positive direction of z axis, with the
coordinate value being depth plane number. The space, in which the orthogonal
coordinate system is built and 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 projections of the left and right ray
beams on the x-O-z plane, respectively. & denotes the angle between the

projections of the left and right 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
6
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=I(f(i-1,j-1)+2f(i-1,j) +f(i -Lj - 1))-(f(i+1,j-1) 2f(i+1, j)+ f( +1. j+1)~ I(fi- 1, j -
1) + 2f (i,j - 1) + f(i+1, j-1))-(f(i-1, j +1) +2f(i, j +1)+ f(i+1, 1))~ In the above
equation, afl, 1A, f 1 represent the convolution sums of convolution
operators A.ej , Af at the i-th row and the j-th column, respectively. The

reliedivatutios @@gm&r@mg definekingy maifxiessionsimhbgdd due b @ OnBerent
f Next, a threshold Th is selected, and any %lxel (1,

0-22-ij~10
chay %TFBgt&féte?Fn HSdﬁaéaé( SARSHIRSINdPRgR i rAYREASRSTRCIGRre !N the
preSEnf) reesets tisn besultaat @@enmageg@ndb%@t?ﬁf f’@pi@rr?ﬁﬂﬁﬂllare used
det t orit m, ener Ily comprises st of:_ smoothin
TR I o LT
!m@adiéhaby lﬂ@efduntedﬁﬁermperdboneebmleﬁmmahﬁi@:mtvadge ieplging as fo

deﬂg éﬂ@ﬁ%@%ﬁﬂ??ﬁ'% d%g% tf’?et@%égﬁ%ﬂéﬂwesﬁ gFradben eqeﬁ and right

tecting and io"connecting edges via a a gorlt m.
viegamay sseratopsdfdeduce pseudo edges by using the double threshold
algorithm. Specifically, the non-maximum suppression image is binarized
with two thresholds Th, and Th,, where 27*h, ~ Th, , to obtain two

shold ed e d N2 (")) - N, Is extracted with the
i RSP RO R B o TOREF (A0 2 LOBES e erd disresen
mvdrﬁommtlmuity n&ﬁéré'mmeforwhtds recesseifictacsnmsireashginsermitiend image

g to an |{1hte ral and .conti uous one in N (i, j). The algorithm
segm Sherh %resen invention

The flow starts with edge extraction in step 01. In the present invention, Sobel and
Canny edge detection operators are used simultaneously for edge extraction.
Consider a digital image {f(i, j)}, f(/, j) represents the grey value of a pixel at the j-th
row and the j-th column, and {f(/, j)} represents a set of all pixels in the image. For
each pixel in a digital image {f(i, j)}, Sobel edge detection operator calculates a
weighted grey difference between the pixel and its neighbor (upper, lower, left and
right) pixels, with the nearer neighbor pixel having a larger weight and the farther

neighbor pixel having a smaller weight, as defined in the following equation:

s(i, j) = +[a, 7]
=[(/G-1/-1)+276-17)
+ /=17 +1)-(Fl+1 7 -1)
+2f(+ 1)+ fl+1 7 +1))
+(fG-1-)+2/0.7-1)
+ AL -1) - (=17 +1)
+2/0, 7+ 1)+ fli+1 7+ 1))

In the above equation, J , ‘Ayf‘

A AS

convolution operators are defined in a matrix form as

represent the convolution sums of convolution

operators at the /-th row and the j-th column, respectively. The
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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 20 and repeatedly collects edge points in N, (i,))
until the intermittenf edgein Iy, isjrendered into an uninterrupted outline.
Finally, encB)seg dg 7lmgge(? obtained in step 02. As will be

explained later, all'ofthe¢ edges detected by Sobel and Canny edge
detectlo}obera%ors % ken into account to enable edge
connection foma]satlsfactoryzplgfsed edge image. 8 in the present
invention, the initial edge image results from a logic OR operatlon

twe edge |m sh %-le above two o era Each of.the
"e(ggé?‘s?%l%ﬁﬁqé{daéy the T |§g ah hoayuguaﬁ?lyvgb prlses mtgaﬁnl med as a
SteRAKP OrRMRN pmmmwa&h&dee piiefy due; tosthereffeat of m;ssesermdstheehl@smtant
it is therefore 5 necessary to connect these parts or edge pixels. In the
edpregvagivention, two edge pixels are connected based on the similarity
of them in terms of gradient magnitude and/or gradient direction. For
example, a pixel (s, t) can be connected with a pixel (X, y) if the former

lies in the neighbarhood of the latter and hel radient gnitudes and
Oy R Rt & Tt S To iR AU SR AL AC P IB tops of

sn@i‘@@ﬁlﬁb@@@d@@e—ﬂw&iﬁxa\@@ués DitesTcMdu(aiiny M?é(mzi)jmm&e@nakd(rectlon of

( ar GrlG) , rese ts the .G
gre SQ \@ fd@%a@ ﬁﬂ% %ﬁ S0F% ang-lF S—SOJC argf:)aea\fj r?é'\fﬁhz'ebovgpiymg
nodememmmarmosmpdesemremge)moalhelewmmted@eqﬁ@ed@end:oandLdnisctmg and

cofil c‘%! e%v eqlgCLALOE: therseiéj @tﬁg&:%e%%‘dﬁ‘f%&fa%? 0h reduce

SIS segmente accor
pseudo edges by using the double threshold algorithm. Specifically, the

non-maximum suppression image is binarized with two thresholds Th and Th,,
where 2Th ~Th,, to obtain two threshold edge images N,(i,j) and N,(i,j).
N,(i,j) is extracted with the higher threshold 7h, 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 in N, (i, 7). The algorithm
begins with a pixel referred to as an end point in Nz(i,j), then searches at

8-neighborhood around a pixel in N, (7, /) 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 », (i,j)

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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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 20 dilation erosion can be employed to find a pixel
belonging to one of the inner regions. Then, starting with this pixel and by

In Fﬁ@ feé_’fﬂﬁﬂr@@?‘{ﬁ@gf mg@thﬁ%at[:&iw?{@?@ll%gm& tﬁdrt?e NnRYiceORMLBERation
illed wi e value of "1", and the pixels belonging to the outer region are
befiifeanvitle (R URIGP MaRE R E@&OMM?P {eRRHHRESTo BSEiPiihg: Sdes

obtggien isyobiaireekddiegtanytiaie havialsizesrapasis thestmpreieotansobr even
.__the detectjon spacge on the x-O-y plane, i.e., the number, of scanni
o ESRS X St of Tecbctor S HRROE T Mo Etnl Thajrerore
nesegraentaticomisect thpketerh remor thdg ¢epivalatel firetipeesisjeicinammtion, two edge
. abtained. 9 According tq the present inventign, the qbjects on the two .
e e SR o L S Rl o
antinogukalistérdiseoiiie échgaenp Bpecifisallysfdl aarobrcpieasistinitusg pixel
(519 fleduiihaoalye gle Lndnedaibdemplaeimags: isLAmpRiedyradient
with each of the templates in the right template image 5 to find the
magiiesissnemdgtadisats ire shie nigMarsdhanoHRWIRY redichemgithedh respect to
thePBIeSh AR areEesponding template in each of the left and right views,
and the positional difference between the two templates in the horizontal

W’ﬁﬁ?@%ﬁi@;fﬁg 7parallax pr. to According to the binocular steroscopic

ionship between each transmission depth z and parallax
|V pf is xlefified a8)tan(0/2)=pr/z Each of the matched objects is drawn in the
depth plane template at a corresponding depth, which is 15
z=pr/tan-'(0/2)=(figx,-i-Ix ,@/?@QX(O/Z) ux, and u are the horizontal
waardiﬁﬁ(es)df:gr%}/%?} Zé?? iin the (efvardmgint (GieWs for eActiensensts the
object in the de lane’t élate. The parallax is directly proportional to
thihBRPtLPT 8aENIRIARE and A for angle. As such, by repeating the above
determination and connection on all relevant edge pixels, a continuous and closed

edge can be acquired.

At sfep 03, each image of 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 template has a size equal fo 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.



10

15

20

25

20 Fig. 3 shows an example of the matched template planes according to
the present invention. As shown in Fig. 3, the segmentation 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.

Ac’éSF&'m@%efHQ'gaﬁié% RGHRIEH 3R %%EQJ%CWQH@’W@tER{p%?SHmageS are

plane template ned from a transmission image by the binocular

matehgscasrorsihaidRicatiaiplade ibnmErrdhecteinre esifiiesicarisbfeshnique.
sgBdieafietestian §ef&@, ongriedenrthaitestianeafinroeomeic-shapene left
ecC

of the template reflects the contour of the object. 10 The above process is

tenpaRdd fStce SRRt Y haRRY O bNFaitmBlR ERdRyihe dightrgmplate image

to tﬂmplﬂt@l@@lat@d s@lﬁﬂ@lirtgrt@?%a@&ﬁmﬁ aﬁéf ei@ﬁ\;tgyi@\i&n ketakiaingd -élgwﬁ,matched
an template dept ne of ea ane for all levels of energy can be

U TER By TG HE USRS pIBrEectr Qi Tl Rk nan the

posAinaglasifior theobgtwdegicrepevaticm @& asFig theshomes atibdiaketit ofis called

obﬁaininrg template planes for respective planes and energy levels

paerl%c%)r(d?n'g to the present invention. As shown in Fig, 4, a set is first i0

created containing transmission images generated with respective levels

of radiation energy. Next, a dual-loop operation with a nest of inner and

AQURIHGORS ishexeriedathetkinsE Pk owlss Hashrd RYEHERShip between each

representing the two loops respectively. The inner loop serves to
HENSHETY e Rhaaralen i ISopSHNSS a5k matched objects are first

built. Then, template creation, matching and parallax calculation are

appfe {3 ﬁe%lﬁj%—:-cts in the binocular steroscopic transmission images

for certain level of energy through the above steps 01 to 03, with the serial
Eanimisérsiu timeaishrthedbititsctésbaingvanioop Vheaabentihelemepliaewiay at a

od &&q@ﬁ @gﬁﬂ{la\%%ﬁ [erged into a single depth plane through logic
operation "OR"'so0 as to acquire a set of template planes of matched

objects ALIESAESIVS , _ )/ian” (6/2)

u., and u,  are the horizontal coordinates of gravity centers in the left and right

views for each matched object in the depth plane template. The parallax is directly

proportional to the depth of each plane.

Fig. 3 shows an example of the matched template planes according to the present
invention. As shown in Fig. 3, the segmentation 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 reflects 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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20 depth planes for the certain level of radiation energy. The outer loop
addresses different levels of radiation energy. This loop proceeds in the
order of executing the inner loop, generating for the current energy a
depth plane containing the templates of the matched objects at respective

Theok Sg\]{c'g’slé Qc%%gtrﬂs’rg Ieecctéggf(tﬁeegcn Fglr'xs’SIOgéﬁgﬁgﬁsa(é%ngfa\;ggae%ttorl]we)étnergy,
evel of energy and repeating the preceding 25 operations on the images,

andritiethempatnissidnoiaeg) &y fercll plaeg)ytel elsehgy eabden grtaiessed hus, an

h ian of t f p .
A Sl 0 e U S0 S R 8 e o
meyging thfateplardansschl chffeaniing Resarie viieet tbmphmes peritissirgrough

lodFé ggg;gt-,@@ gog@iscrimination mark. 30 2. Implementing grey
reconstruction for different energy levels according to the depth plane

templates. ti The template planes obtained above reflect only the

geometric shape of the objects and their positions in, for example, a
FidredgbhoastainiswEthery refy sbtzomsigu otiom fate differentfenesgpdeviets [Sanes and

required to realize.material identification, Through the grey s . L
e TR R ) s (AR ATt by UG ih 8 ot 1S st
crfatashctoihinie Gelaesitessobje disaFhen othrenadteriabitte mifigastdiveafevels  of
raSIPIRIDARIEAd0L IEsgRIRCln LU0 I UTCERHUFURR Hifer 1o0ps is

grey valuesof the objects in each depth plane o are reconstructed for
exeaeieendhgy leverthrbdgleUeindasle sicrvedapic gepyerecdnstribeoriwo loops

redpEHIRE I NTHRIGRTDE GERYLANRS AIE RRG A %ﬁ’ﬂﬁ%}@ YR Tk 186, a set

outermost to the innermost. In othef" words, the grey reconstruction is first

of pertehrPRIFte FratHd PubjedhannicaRERYEReT (MatsbEgIayd paraliax

caRdiagent iethe PRckHOURE e IR PIRSUIAS 8iEestHoBic transmission
reconstructed grey image of 15 the object is obtained. In the reconstructed

ImBpss iingeT e FYEkGIRITIFESBAHRR theeabane giersAlute it With the serial
nufilginal shackeravachabileobiscareyaimyeansidp thariable. The templates with

approximate parallax are merged into a single depth plane through logic operation
“OR" so as to acquire a set of template planes of matched objects at respective
depth planes for the certain level of radiation energy. The outer loop addresses
different levels of radiation energy. This loop proceeds in the order of 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 completion 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.
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contour of the object become a value equal to the one obtained through
an independent scanning on the object. Then, this object is peeled off
from the original image by use of the reconstructed grey value. The same
processing is then applied 20 to the object at the next outermost plane.

Thgﬁﬁg@d%f@%%ée&%ﬁgw%% Péﬁé%ﬁ%%%ﬂgé&%%ﬁi@%%ﬁ@%? the objects

€ grey reconstruction. he grey reconstruction is
anddbeiibposifiaunitedisrevdthnlee eefpigé doaigeseshidwendreFigeapnalkigjion for

diffbR lﬂfé}{l{sgx TL0is AL asiAN §338MISe 2RRESISHIRELSoR (BN BIRA the grey

objects overlapping on each other are shown as a large rectangle, a
rec@Rsir vebitinghe e \wihipeiphEarent eretiidaneist tanhesiiainggtfor each

of ﬁi@sséémeé@a ansbald) show the sifectal thedreaiRPRaH WIAApIBmented for

which Fig. 5(b) corresponds to the outermost plane, Fig. 5(c) to the
theariak: Fig. 5(d) to the 30 innermost. 12 Fig. 5(b) shows the grey

reconstruction result of the outermost object, in which the grey value of a

light color region equals to that of the background region in the original

image, .and the qr | f olor regiop.is obtained.hy subtracting
O e BB e R R e
aref theoliginustedloioregiaeh Aansrayvieiveth&fioues, thebbureolar ostbreskoRric grey

re COIREARIION 58I, r\ﬁﬂ%ﬁ‘gll% iﬁ@i%mgé%%ég%Qmﬁ%ghgsby plane from

template image. Fig. 5(c) shows the Qgrey reconstruction result of the”
thenpidrRIBBRictoitivhienehaesby DaRieT Wat dbforaayids ey eianas first
pePiineREEAFRUALISHRN Bithe SrighaabimagR AR (BFey-iNePE8jacent to

dark color region is obtained by subtracting the reconstructed grey to

the,Raeksr eadriaaiedbfedr HonPiRBSréy valte B (R REPREBHS PEgHERY Kaage of
thShueins hiadigure ihasqatynoiibrdareraloagegion isrigghélind region has
e DI CE C e
cogteMrvaluenel atight dadenragien equalsdqubatof thiae backghtainddegiosugh an
incilrelege]% éir%igé‘éﬁﬂ% ed)r? ?ﬁet%%j%@’f’ﬁé%? t%flsao %‘étciglggeled off from the original
image by use of the reconstructed grey value. The same processing is then applied
to the object at the next outermost plane. Such process is repeated until all of the

matched objects have been subjected to the grey reconstruction.

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 objects overlapping on each other are shown as a large
rectangle, a small rectangle and a small eliipse 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.
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u region is obtained by subtracting the reconstructed grey value of the
innermost object from the grey value of the light color 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 template image. 20 Fig. 6 shows a flow for grey

Fi%?%@?ﬁ&r#&%r{@ grey InaaRs (RIBINGERAEDCIY JGUSHJAE SHRMN IR Fidlch the

the dashed block denotes a loop regarding different energy levels,

areyryelisdfia dighi<d ChrirgitRgafeatarisnitalicy ifadeackatPiHcagipadn the
ori%%gﬁpﬁég&f?%é%é%@y'%lﬁg%#% thediri secdign wishsoiaplemanaiiamcting
S

process. As mentioned above, the transmission images are obtained

) at ,
theifircUIRiTEGERE greyatfiteo R idhergy iR T aRRRIGRHERIMHIR e5h \Giverayihe light
ooﬁﬂﬂ@dﬂ\/?@,s‘mﬂﬁhm tﬁ@}ﬂ&lﬁedﬁﬁ?gﬂﬁﬁﬂﬁ@f@ﬁ@@%ﬁ @ﬁ@f@é@bﬁ@% a large

temp ates for eac ept plane, with the transmjssion ept el the
o A RO T Fa e ORI 5 MBI PR ds g Be) Shows the
gregcansinsttionidar reach efidngyiddelds cojpgiletedvhicmedeopleywhengsthd a light
inocular steroscopig transmission, image for this ene level is .
o EeiEh Bk TR R BRI Tl SR G imae, and the
gramagduant 4 3grnerktiongibn iechrisingdtion grrimatine foethecobfutcted grey
. ' ion.in the fi ian.of .
v R e e Ao R P\ o hown in
thedigion, Hivlchatdetdifske catheoieyetieonstpusigl iairiee givddenitpal to that

of TREEE IR ROt RS RAMEBUIFISS HRREmIRS AT YIRS onstruction result of

correspondin%to another energy level is selected and subjected to the

the feRey S1episo ik HAMMITh e deduNHrEeTimlight saiphéreian ey @ik to that of

thdrpbeReHOM P tpRVaIah Hrefgrml SHEyepeiiondsdeReatide of a dark color
continuously, until all of the energy levels have been addressed. Finally,

regiRny 3 I GE Py Ao M UK BEIUSPAIAFRY ofiHEy Vg dpaermost
otgesalIBed iRt greptignbserithmaighitlcbibidexditeatias . sHuwsehcarbigyure, the

B U R e

template image.

Fig. 6 shows a flow for grey reconstruction of grey images for different energy

levels.

As shown in Fig. 6, the dashed block denotes a loop regarding different energy
levels. 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
mentioned above, the fransmission 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 object templates for each depth plane,
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
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from each other by transmission depth. The second nest is an object set
including the matched objects at certain transmission depth, where these
objects are discriminated from each other by their serial numbers. The
third nest is an energy is set including the reconstructed grey images of

geReraRmatehed ORiaSALAILIRG RNSEIRURIS ojseterhess BRARES-&E of the

~ discriminated from each other by difféerent levels of radiation energy. The
imgggveag@mpv@ien gendiatiftptheerdiomstfutied Yepimigsetan bjdee set of

terﬂB%tgopﬂgmeHB&%‘@dg'iﬁytﬁ%aﬁesﬁ?%@&%kl,ﬁi%f%ga@@t@%r%!ﬁ){elﬂé grey
performed by peeling off each grey ima erIane by plane from the o
reRREHHBYL o tHe M A FRo4tN e ﬁ!&ﬁ?a%y, e /grelRraRESB e FkRsaSSion

imabie ot adiegmeshlanidiresityradirsentitp faebrekgiagnslirgainsd iso the
first reconstructed and peeled off from the. image. Then, the object on the .

DG PR EY F T SERL 71 1 LB mBg o8 P b BT gectio

of répeatest ainty the gee\Svatue regatistiuctioagrmsdb e merioumsgd witiakll of the
the matched objects. The flow is wn,in Eig. 7. Fig..7 shows a detailed

S o B B P T LN LBl YR ke A0ES of the

objegtntion. Belthw theatgyailsvalmn A te grepiresbrstructicsein ftire yresentmaterial

ey A L AE & bl R, e e

Thaditreparilife pldprtbyjsianeromahs baerinibe: termatmelaest dgcriminated
fropRESHIREL PG PRI LAILG 9] HsIRateRedabiRet RBNR %Ht%fﬂ%lﬁtégb’mcmdmg

(directly adjacent to the background region) is first reconstructéd an

the eRBEF PO ORIRRE 53 &GN IRNRENSSIERt Slee seb6RR d0RsenoSiesls are

didemrnesased dthasamesyayy theis BEPREHIQ bR FePeateth WatHABE 8reY energy
value reconstruction has been performed on all the matched objects. The

sebReiEingws: REpTIERAbAERNY 2PEERIRIt8 Fe cPakRYRN GiRiF FaRledl! the

en@cgNsiveRionHyrdIsiRg ctheaiiecisokisinadifiardi®mageh other by different

o %igenélfrgg‘%%g ﬂaonce%? 1o step 02: retrieving the properties of one of the

The above method for generating the reconstructed grey image of an object and
completing the grey image reconstruction for each energy level is performed by
peeling off each grey image plane by plane from the outermost to the innermost. In
particularly, the grey value for the matched object on the outermost lay (directly
adjacent to the background region) is first reconstructed and peeled off 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.
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step 03: determining whether the retrieved object has an edge adjacent to
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 the object is overlaid by another 15 object, reconstructing

In the prevarlusoritie avedpyingariies steth(Ss ERviBedns oRied! BipBkeling
the Image. For each object in the object set, the steps 02 to 05 are

off dpeatiBUMA R BIRYCVREREBNSIAR IS PN ISR Peforied Bigimost. In

patheurBaiched Qhiscisaide Riiring theaprneessoit airey Vilgeo(eeanskst Cipridirectly
each of the objects comprises onl) 0, types of parts, one being the part

RIS O o e (ESh SRl s S B oo the

imagetnérabjget obfrcanotijectsrbich cuiritatytdugiaiorccesydeteltizmdame way.
thus has,no edge adjacent he backaround, some of the reqi

T SIS e S U LE G T o e M AR IR BB rormea

onaiti2s timis hezoh dinactatédeaspa tittov e kground region after a sufficient
number of peeling off, and therefore the overlaid object will has an edge

steqdicerriabtish inshekerodisti e glaig ot s réroaER L BleEgrRGonatiB e ey using

théJB?&E%%Eiﬁ%&%rqiﬁ%‘?ﬁx%%@§@¥ﬁﬁ8(ﬁé%&WrHé‘é'é§;OUtSide the edge
and that inside the edge, that 1s, 30 50ej =(s . 8, ~ 15 3. Performing

stdpaeriaitidamtifeaiansrethes ecenstisities éepaptate planes for any object
in the planes The grey values at different energy levels can be obtained

stdpr Ghy ddtthrendbijectshbtteprésentsdibyedacbjtohhlate &t ealde plaljecaiteto the
batke(e rat&%\ée agrtlea/ reconstruction. The grey values vary with different energy
2 S, an Malgrial identification can be made to the objects at any of the

st 6@&%@%&@%&;%_%%\@9%% Rig- shansthe flewatite maigdal has an

Identification. Referfing to Fig. 8, the ternary 0 set of

edgsiardiassiectehegya Faniadisriegirad 3sh fhe e akipet e ivrigidryy another

object, reconstructing the grey value for the overlaying object;
step 05: removing the object from the image.

For each object in the object set, the steps 02 to 05 are repeated until the grey

value reconstruction has been performed on all the matched objects.

During the process of grey value reconstruction, each of the objects comprises only
two types of parts, one being 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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implementation process. Next, a dual loop of "plane-object” is executed,
where the outer dashed block denotes a loop regarding each
transmission depth. In this outer loop, a dual set of "object-energy" is
created for each transmission depth, where the dual set includes the
atched.objects at the plang and the reconstructed grey 15 images of
5. EEHTPLT)AG A it R ARE PHCH G EoUs B EC R AT et Glages for
anipopjadendbethbypthessner dashed block. The inner loop is executed for all

the matched objects at certain depth plane, with the serial number of
Theagiepbjeteseridiffersnd rarible vsighsat lunmptaiack 6o trrnpbpédhsapbjects

red PSS EHEERNbJeniBrplans, that.hausbesnmaichedhetyeen BRlPLaBstruction.

right views and undergone grey 20 reconstruction for all the enérgy levels,
Thig gimyjeclbe segue MBI fteEHIpss ey dr4e eiffdid Reatairiidrtiication can be
madentfigation aad sﬁaﬁyraém@b@wgéegy@ﬁggiﬁhgsster&@%ﬁ%rprocedure

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
Figotnpheted foethev DT threentadeth jplantficatoloréeteptly plahdis&drinenternary

se{Zéf‘Sg‘iSR h&%’é{’é%‘?-@?%r Y f’i%‘%e‘ij‘l%FSQEB%‘?&“%Q@%&%%%%@Q 18408y of the

ep én S obtain fromt Irst section o e overall process, the

imré@m@gﬁa_méopg@@ySmd@@ﬁo@@h@éd@ﬂ@n@&ﬁeimohﬁsﬁdﬂ@xaﬁdftldewhere the
oufEPul SlddenBicaign phiainsd ARG R S UaRca'arechidsBih alane. Nghis outer

contour of each identified object is"determined by the template 30 contour,
locghchtifizbRs file cORIRRERTDUr Ifs deaaldsined 89BotrasrmBsisuRsrRin, where

thrRYaTecanatuelienRadarissRbgeRilcatieR. Figvetadeigemibs e aetel grey

will be described in connection with Fig. 9. Next, a new set of

imesise G éRERY9 LIRCAIRDAH HereariEMdR Wplathiate 7 Jawe aRRertsio the object
lodpllawiestdy matedalridentifisation BRtiCotredHimagR spoRNSYSRN BRI the

process is repeated until all the depth planes have undergone the above

- MBRiGESIGCRA GRER BIF R TR e PE PRI LM AR REE Sth iR Peing

théhewifestiab matrrinlddestifigatiachast tendbpetsiatteeardecof Sitt® plane, that
haggﬁ%]ﬁ%l{%nﬁsg{%oeg eét%’é‘é%‘”%ﬂg E}g: ea-rc]gloF% tte\r/ri1 \!\‘?stegrl%n%sndergone grey
reconstruction for all the energy levels, is subjected sequentially to analysis of grey
difference, material identification and generation of colored image (this processing
procedure has been elaborated in “DESCRIPTION OF PRIOR ART” of Patent
Publication CN 1995983 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 plane 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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effect of material identification for respective objects at the different
transmission depth. This set is the final result obtained through the
binocular steroscopic and multi-energy image processing technique
according to the present invention. to For non-overlapping objects, the

cré%%@r%?rgwdw@ﬁeﬂébme&%f@tmi%#t@%ﬁa\we@eavi%H%&{Qﬂ@@'ﬁﬁ@é&% and

object according the grey difference between transmission images a
CoifRAeiN AR FEFIeSELC TR BuBRsRiiRcastiiedepapifst tntitadl thesdenth planes

hawwzfé@e@ Usedsvidgriicading cakes fer AreanisLrdidtaMataiabd template
or

green for, |%ht metal or mixture, blue for metal. Also, whether each color is
PladfgHesP Bt tee Rliseh @ APIREPhAGPRURSHP the e coRRRNBR inghas order of
thyafalggtth@n?@];bmﬁg@@@n@J}fgﬁtﬂ&g@:’jﬁ@&ﬁ@@\@ﬁma@@-;ﬂawmxhibitmg the

eference to Fig. 9, the multi-energy identification effect is shown as o
AP BN i A S ROH NG LA iy BT Acsgaisson
depftimaBisis2€ethickhesina0 glsoliz obitdiige @ thiheudrntific atiosctarg etteasecopic and
m &rranr?%ed from left to ri%ht astg(r:%%hite aluminum irga_]n lead

and :
pgl?e Eﬁgr@? AndPIRES Se'Hﬁflcatlor'\qéJ(ﬁoargCgrrg'S%F?ge,égorreeesﬁ ,'%I'H(\é?thoé“

and orange, respectively. Thus, no error occurs in material 25
identification. In the case that the objects overlap on each other, the

FodeiHication spmy bsojraerred ifaReskal ProsesrIngisHadtion thethod can
overlapped parts, Fig. 10 is a diagram showing the effect of identification

Rt uiRelGiepRlclsiRBY 309 As aReTdiN Sigthto, W ergdifesaaisguIRetween

trefieliskieont pyaglapa siekeansraagfillede it Hauefrfieli®lgenheas But not
r box filled with CDs on, the Jeft and a paper box filled

._the middle, a pape ] o
I g e DRI, A oS T TEsar T loht
miitprefiedrpetrédelighgastal tbe rairelreo hiain ésrame tite Aigarettesher=tuwh color is
. er bgx on the right side are incorrect, an e result of the identificatjon
i o R R R, DRSS an i Sesonstrice Ry SIS, mne
identification effect is achieved as shown in Fig. 9.

With reference to Fig. 9, the multi-energy identification effect is shown as
rectangular for graphite, aluminum, iron, lead and polyethylene in the case of mass

thickness 30 g/icm?.

In Fig. 9, the identification targets are arranged from left to right as graphite,
aluminum, iron, lead and polyethylene, and the identification colors are orange,
green, biue, 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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In contrast, Fig. 11 shows the effect of multi-energy material identification
with binocular steroscopic peel-off processing on unwanted obstacles,
where Fig. 11(a) 1o shows the overlapping object, and Fig. 11(b) shows
the identified object. As which can be seen from Fig. 11, by applying the

ASYEETSEY ”?@t%('fﬁrg@er@gﬁﬁ%)g&wgtb@l%&%@Bﬁ'@ﬁ§%’§%§@%dﬁf&1mer filled

rocessmg on unwanted obstacles, the overlapping steel sheet is

withdistHRiaPBIRIFERr Sasnith i mevitidierig. Rarss, Roxflare b CRsRn the left
anRRRS X, KBQ hqé@fmdwpggatéu@w@ﬁ gl iBe Cigatetas instBe tRaR@ntification

box are identified as oran representln or c, as shown i | Fi
o oA T bR S SEm ety TP L4 Rt A Gl G REEtes n
th@rﬁhtﬁéﬁtdﬁ& drathinoriHarsiieressconicread, mnliiteergyscanning identification
rad a stem, accordin the resent 20 invention. As
regﬁ E@szlﬂtﬂg b% Bgulg%f(gr@gﬁé%ﬂ}‘ 8%nulti- -energy scanning
radlographlc imaging system according to the present invention
comprises: a multi-energy radiation source 1 which is an X-ray generator

infRLERUEIAHNG XTayRoRkdiferentepesipHRisn R %&t@hspr@@km%non with

which receives the X-rays emitted by the radiation source 1 a

bigeeid et tarr BRGNSV Al RIS RATENTAPE SyIRRIRR: %‘P%@Wﬁﬁméﬁ’h@r&nﬁ'g 1(a
sHeRve RN AReISdatYes HieanderRft detscitowtnd whirlicacshies the

X-rays of different energy levels and converts them into electric signals to

be inputted to a left image acquisition system 30 6; 18 a right detector

array 5 which receives the X-rays of different energy levels and converts
Aé.hwhi&rhtoceﬂecﬁnb: sa'gaalsﬁt@rbeﬁig)utﬁéd tbya aghMinmg@@cqmﬁitmergy material

ooy Q@ﬁe&#,@ggsf%ggmﬁﬁ ELEEENEUMEAR Shotactes,
S|gnas sen t etect 4an acquires eft image data

thﬁmqﬁemmrm%mget is identn‘led as blue representing metal in Fig. 11(a),
and the CDs in the paper box, the liquefied petroleum gas and the cigarettes in the
paper box are identified as orange representing organic, as shown in Fig. 11(b).

The identification results are all correct.

Fig. 12 is a diagram showing the architecture of a binocular sterecscopic and
multi-energy scanning radiographic imaging system according to the present
invention. As shown in Fig. 12, the binocular stereoscopic and multi-energy
scanning radiographic imaging system according to the present invention

comprises:

a multi-energy radiation 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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the right image acquisition system 7 which receives the electric signals
sent by the right detector array 5 and acquires right image data from the
electric signals; a computer processing system 8 which receives the left
and right image data from the left and right image acquisition systems 6

a AGF: GresSPREINRYY RIORRRICFIDSEE de andghbimaasdaiafidy levels and

displays the image of the object under detection on the computer display
copysflsll thshartfepiantite tardinisRidieintnitted: Mffardithtidp@ge acquisition
sykegenstructed from the image data. In the present invention, the radiation

source 1, cooperating with the beam 15 controller 2, emits two beams of

theXisfyBnadichogiiassiommsicrarasichasicctng avelaotangighsbvesait by the
hem, The X-rays, after penetrating through an object under. detection 3,
Rl A RGNSt P e T S,
oSBT B0URARA NI WR I REe R AE DRt by e
righé dateotprecerséctby treBoaspight progsdria Steindeibetinaign alata
from the left and right image acquisition systems 6 and 7 can be used to
a gREpRaYahBrPREseits s tBrjdctirlererrb&henafeBgmishicmagpspta from
thasetrelhasitie debte RlaneisiRRssPitsion ases abditrpntidepiBisesses the left

reconstructed from the image data. 25 To the binocular stereoscopic

. pic .
angh HeRs MAsAYRIRE iSRS s g RIRIST (e BRiBELIMPRE BRI On the
coafsliteltiepergyascamingsratiogreptiic plaagingasysiaBiorcoaTsiRg tatthfifferent

_present inventign can appl .binocuéar stereoscopic processing technique

dw%‘%%fﬁﬁ?ﬂ%zf ‘?‘ﬁﬁfﬁ%@%‘rﬂ%ﬁ% %tfatransmission images for this
energy level, merge the template depth planes for the different energy
levels into a 30 set of template depth plane images. Then, based on the

Int?ﬂé”'ﬁf'@é@ﬂthrRJéHﬁorimqg@sréa%t%ﬁteéﬂLﬂﬁgorm%BFpQFgﬁng with the beam

reconstruction for the multiple energy levels, respectively, and identifies

comHEHRaEriANBIB AR R DIAh & 1aNhe/Yeitnat GEBME i fhasmenetric and

hé\V@aQﬁSaﬁB% SB@ﬁifgéﬁpﬁf@WPnTﬁ@dmf%%?SaW&t%Wﬁé_@W%P}e% object
for the binocular stereoscopic and multi-energy scannln%radlo raphic
uq%gﬁ&ecﬂon 3, are received by the left detector array

and the right detector
array 5, respectively, and then converted into electric signals to be inputted to the
left and right image acquisition systems 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
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method, and the detailed description is not repeated here. 5 Figs. 13 and
14 are plan and side views for schematic layout of the devices needed for
implementing the present invention, respectively, where Fig.13A depicts
the case of symmetric ray beams, and Fig.13B depicts the case of

dePRY PIRING L% DD PRSI BRELRiBIOSNBABHE A0ReINAUON R cribed

are provided in the beam controller to shape the X rays emitted by the
for dBratRiRCsalRE SRS RAEORIS BRI WYy ARABHRMDFadiparapkie, imaging

memiduaBRnee Betwirandbempoihohtiedgliagedasdes arrays 4 and 5 face
directly the beam sector defined by the collimation slits of the double-slit

collimator, scan and examine the object under detection in a symmetric
fashion and transmit the electric signals to the corresponding left and
Figigh ianag&daatpslitiomsysteie yisie fio tisevamatitda prot e sheg destem Beeded

i I out i i .ohta mission. i f th
o e e ST s e
cagise thethivmetiine prebearisventohisahd Brignicta dieeialiddentfiesyommetric ray
be@lRRIARS FRGAITRCHRR, MPLARIY ANl darminah 2R WB%B%%]&?@ beam

on the non-dominant components in transmission images, by peeling o

copfeiRinahe esrifforieltks FRatieshinhtivh A dirfiee serypenaterto ray beams,
eitidengfigatiomimeihed gamistentifyienyihe rareHatEERMIRAAL Both of the left
components along the ray direction, For example, in the case that a thick
delGEl" HERDIAMDS 5iFa UinsiVag SrdrigariRgdREnas Rirdisish!itmation slits
of chaventiorasmuititaneatgy medariahdSddeantificatian mﬁé}@@%ﬁa@rfﬂbﬁecﬁon in a
identify the steel sheet along, the ray direction, without any result
Sy R i P AT BEh G e Bt B o gling 1ot anc
righhéetgadhtwriditigrasy fikahdivitheoh tottwacdiffpreat depts pimes\ibiuod carries
he binocular steroscopic technique. Then, the multi-engr re -
o e g e L SR SR A & el qgaining
debth nméoienaldere by plane. 3o As such, both the steel sheet (dominant
component contributing a large amount of ray attenuation along the ray
direction) and the drug (hon-dominant component contributing a small

amount of ray attenuation along the ray direction) can be _ .
As described in the above example, the method of the present invention can

enable material identification, along the ray direction, not only on the dominant
components but also on the non-dominant components in transmission images, by
peeling off the dominant components. The conventional multi-energy material
identification method can identify only the material of dominant components 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 p>!ane 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

20
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20 identified. The method of the present invention is particularly useful in
material identification for transmission images of a freight container. In
the transmission images of a freight container, harmful objects, such as
explosive and drug, are usually non-dominant components along the ray

id HRRIPNTAN EAR AR SHeRE thees B I EARIINRY gﬁﬂi@ﬁ 009 AISANGE Material

__ray penetration. Therefore, the method lays a fundament for automatic
Idegefinéanol? bt RASTIFSEetRAIRR AL KRBl EOHRIDS etd. o anemission

ima%%nmér%%ﬂi%mémg%ﬂ%@ i5pigBtCconiRingls BxdR ShMEmtkRig, are

at is claimed is: 1. A material identification and imaging method using

USHRAIBCMER- LR opRE RRAGARtIAEPREgI & IR HESBiPMm s oinprigge of the
frelid@ QAN D@ ke LbRaUSIKIEAWS BNGIRH peraYrRESMSTHLRSIBRL I8 method

through objects_under examination so as to obtain data of left and right _
Ay AdRRSASE Inig St RRY e tereA NG Bk PRIRTIRs SRR gaRiosive,
dragsl eatching the szaultingftrarishsiegivaniatigasediiainanpicbestabiscts

wherein a matched object has an to object template in one of the left and

right transmission images and a matched object template in the other of

the left and right transmission images; 2) creating template depth planes

of the matched objects along the depth direction of the transmission

images; 3) repeating the above process on transmission images for each

is energy level of a predetermined group of energy levels to obtain a

template depth plane for each transmission depth for different energy

levels; 4) merging the template depth planes for different energy levels at
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the same transmission depth for each depth; 5) performing, for each
energy level, grey image reconstruction 20 based on the transmission
images to generate reconstructed grey images of the matched objects;

and 6) identifying the material of the objects based on the grey MCSLLP

‘reconstruction results. 25 2. The method of Claim 1, wherein the

segmentation of said left and right transmission images in the step 1) is
Veleimenizdeaczording to an edge extraction algorithm. 3. The method of
Claim | or 2, wherein the segmentation of said left and 3o right

transmission images in the step 1) further comprises steps of: 22 MCSLLP

1) extractingaéstims il'rdeatilﬁazfttbe saiddeftiarayitght traeﬂmd;simsimglageiﬂocular

b d i
SRS B o ol DR e S R R wing

stdyegein the matching of the results of said segmentation in the step 1) is

implemented accordln %tr r%S/ [Pa%é%lsst gmljg%atwor objects

segmeritation resuq% alm ereln e matc
widee eeanitmaﬁsamosegrm:mhtmn Maecﬁt@fﬂ)aﬂdtnghtdrapawswpﬁnages,

S L S B E  lrs o
semmagmeﬁtm@ngbtmtaasmrsamhmm@mecﬁsmbaﬁmﬂqadmtdmmqmed has an

jec%E !ter!h ele% e%'%%gfotﬁm@%‘?t%%WIBRQ?QHQmiSSion images and a matched
object template in the other of the left and right transmission images;

2) creating template depth planes of the matched objects along the
depth direction of the transmission images;

3) repeating the above process on transmission images for each
energy level of a predetermined group of energy levels to obtain a template
depth plane for each transmission depth for different energy levels;

4) merging the template depth planes for different energy levels at
the same transmission depth for each depth;

5) performing, for each energy level, grey image reconstruction
based on the transmission images to generate reconstructed grey images of the
matched objects; and

6) identifying the material of the objects based on the grey

reconstruction results.
2. The method of Claim 1, wherein the segmentation of said left and right
transmission images in the step 1) is implemented according to an edge

extraction algorithm.

3. The method of Claim 1 or 2, wherein the segmentation of said left and

right transmission images in the step 1) further comprises steps of:
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the step 2) is implemented based on the matching results obtained from
step 1) as well as the corresponding absolute parallax. 20 7. The method
of Claim 1, wherein the reconstruction of grey values for the template ~ MCSLLP
depth planes in the step 5) is implemented by removing grey values of
the matched objects from the outermost layer to the innermost layer
wherein the object on the outermost layer is directly adjacent to the
backgigund ektrecBhdmegesyitereacithefgiiey ealiceeforahe mgidhieansmission
.ob ect on the outermost layer is first reconstructed and removed from the

8’ the object on the second outermost layer is then processed in the
same fay, aodtmmrpgcm&dusedsedgpeateﬂweael itheggey value

VCSLEP 5. S ISAIH B CIa oA e e gy lo5eC

MCSL erein construction o

atjees for the template depth planes in the step 5) comprises steps of 1)
establishing a candidate object set for grey value reconstruction by using

the objects obtained from the image segmentation and matching 5

zproceérm P Hudectiofg Oaénof thevileieits;tB detetehinggoivibeneesdts of said

r%%nqueo?rg " ?h gjag?% to1é1 43 aﬁjﬁ 8%@1re%%@ﬁV&ﬁE}ngtmegeometrlc

y va ectl ect has'an 10 edge adjacentto
@mbgteuahbsanﬂthbtﬂﬁ@)j@bﬂ@bsegmarﬁytam)ﬂ@éuﬁbject
reconstructing the grey value for the overlapping object as well; 5)
removing the object from the image; and for each object in the object set,
Ghe stépe2)netbpdreteplairediuntihgrein the matching of the results of said

segmentation in the step 1) further comprises steps of:
1) creating object templates from the segmentation results;
2) matching the object templates of the left transmission image and

the object templates of the right transmission image.

6. The method of Claim 1, wherein the creation of template depth planes in
the step 2) is implemented based on the matching results obtained from step 1)

as well as the corresponding absolute parallax.

7. The method of Claim 1, wherein the reconstruction of grey values for the
template depth planes in the step 5) is implemented by removing grey values of
the matched objects from the outermost layer to the innermost layer wherein the
object on the outermost layer is directly adjacent to the background of the
image, wherein the grey values for the matched object on the outermost layer is
first reconstructed and removed from the image, the object on the second
outermost layer is then processed in the same way, and this procedure is
repeated until the grey value reconstruction has been performed on all of the

matched objects.
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grey value reconstruction has been performed on all of the matched
objects. 15 9. The method of Claim 3, wherein said edge extraction in the

image is conducted by using Sobel and Canny edge detection operator MCSLLP

simultaneously. 10. The method of Claim 9, wherein, for each pixel in a

digital image {f(i, J)}, 20 said Sobel edge detection operator calculates a
weighted grey difference between the pixel and its neighbor pixels, with a
geighiirepietictas e i@ thierpixelHaeinglrewegin sangetichaf drayofalues for the

tneigi]%t%or ix%d'\stant fro;&th%gpi l. 1%1. Th%g"lettgod f Claim 9, wherein

He ek &8Heo~“y“[} egss Ry acﬁ)nyp i ed%e%sef)ec:tion operator
compriges stepsabiishirsgnaotibingdidaténuigecyiget fGagss\filtatp2) reconstruction
calculating the magnitude and direction of gradient by use of. finite .
bé'iffﬂ?@?%eﬂ%? O?lgj-% er‘%i?t‘%?%deiri%}i\r/ﬁ@;e 3%288I?/insgeé'§1ne-rr]n%t>l<?rﬁu?nnd matching
Boppssssipn to the magnitude of gradient; 3o and 4) detecting and

connegting edges via a doukil [ | algorithm. 24 MCSLLP 12. The
metho%sof C|§1Iglfle gf”\}\(r]ngpgno @%Bﬁ%ﬁ?ﬁngg of enclosed edges in these

image8)in thedstepninisgonttethed theh dhdgetivdradgamixsigaradjacent to the
bcaonkn(;::chendd_based on the similarity between them in terms of gradient
mgg%i?ude or gradient direction. 5 13, The method of Claim 1, wherein

the grdy valuesorestonsting tiek fgreyevalbjedon the stip®)iif the cibjisst has an
has an.ed ' kar j ohiect. i j .
S L o e A A B L DUEFR BRI obiect
receriappitingfeegteevaibe ibjte isvenepradobieticasovetject set and

ELS |m§9e. removing the object from the image; and

for each object in the object set, the steps 2) to 5) are repeated until the

grey value reconstruction has been performed on all of the matched objects.

9. The method of Claim 3, wherein said edge extraction in the image is

conducted by using Sobel and Canny edge detection operator simultaneously.

10. The method of Claim 9, wherein, for each pixel in a digital image {f(i, )},
said Sobel edge detection operator calculates a weighted grey difference
between the pixel and its neighbor pixels, with a neighbor pixel close to the pixel

having a weight larger than that of a neighbor pixel distant from the pixel.

11.  The method of Claim 9, wherein the edge extraction by using said Canny
edge detection operator comprises steps of:

1) smoothing an image with a Gauss filter;

2) calculating the magnitude and direction of gradient by use of finite
difference of one-order partial derivative;

3) applying non-maximum suppression to the magnitude of gradient;
and

4) detecting and connecting edges via a double threshold algorithm.
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14. The method of Claim 1, further comprising: performing grey
reconstruction, object removal from the original image and generation of
reconstructed grey images of each object with respect to the 15 binocular
stereoscopic transmission images for one energy level, so as to complete
the grey image reconstruction for one energy level; and selecting another
energy level to repeat the steps of grey image reconstruction, and finally

£2MbirTiRg thetrrePbs Dsied3yieldreag escoditsiniijest &pchlkie efgsg)in these
levels into gne set. 2Q 15. The method of Claim 1, wherein the
THRAERCAL o CEGp &) T BRI LR SoloffnG 44t ialgpre connected
iresdystshaheigareiaciyinh greyomihe fornl idenen binergie e velsy mitatggial gradient
identification and generation of a colored image for each 25 of the objects

QHF Hfith the left and right views have been matched and the grey
reconstruction for all the energy levels has been completed; and

bigipg th ing.resylts for all bjects in the order of
Rl S8 i LB bi ARG 1 Al o (S elgsted for the
citjfecttiat tladl tpsB)isstor depabt BA2arvVikeigeLdrjabert intimilbackground, and,
| ) 4 multi- ) s hic i .
BRI 4 SYEH SR SR UGt 12y, e i i aBoy iptgo at the
salel inagefacqhisitovedypieing aobigutinthge, attguishiectsistesmandd from the

omguteg $rI%F ssilgg?s stem, wherein s said radiation source is an X-ray
%@ﬁ ator 10°deRera "X-rays of a predetermined group of energy

levels; said left detector array receives the X-rays of different energy
ﬁyels '?P\g method of Claim 1, further comprising:

performing grey reconstruction, object removal from the original image
and generation of reconstructed grey images of each object with respect to the
binocular stereoscopic transmission images for one energy level, so as to
complete the grey image reconstruction for one energy level, and

selecting another energy level to repeat the steps of grey image
reconstruction, and finally combining the reconstructed grey images of the

object for all the energy levels into one set.

15.  The method of Claim 1, wherein the identification in step 6) further
comprises:

performing sequentially analysis of difference in grey value for different
energy levels, material identification and generation of a colored image for each
of the objects for which the left and right views have been matched and the grey
reconstruction for all the energy levels has been completed; and

combining the processing results for all the objects in the order of
transmission depth into a set of material identification results for each object at

all transmission depth.
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converts them into electric signals to be inputted to said left image

acquisition system; io said right detector array receives the X-rays of

different energy levels and converts them into electric signals to be MCSLLP
inputted to said right image acquisition system; said left image acquisition
system receives the electric signals sent by said left detector array and

acquires left image data from the electric signals; 1s said right image

1 quiskipmesyatarmstecaiees pie aidaiclitignaty gectbyirsgichdgigrdptectonaging

array and acquires right.image data fro g electric signals; a i
S e PR AR s E e AtE el A B AR d8tErar ey,
dhelkeftimageghtquaioacayisiton systighs nespgetivagusitioassystaid and a

20 left and right image data at different energy levels to identify the
%Q{@H%ﬁro?rggeggi%%?sgtsge%@gci;ﬂ%rt?g]nsmission depth in an image

transnsisgioradistciiosourerciis said Xompgenenaiceskingsysteating X-rays of a
segments.said left and.ri g i g(ata at different energy levels and
pnr%%ggeersm[ YRy o%s%% trég;zj%n%%r’l ation so as to obtain matched objects

and creaie kefingitder e pirpjarese R o thasnaigsioh diffegestainregy levels and
differe

t ener \Y in.the. issian. irection, i e
O B SR D S AT S S S8RE I A acciion
dyatesmjssion images and a matched object template in the other

, jSston'l _ t | t
o ooty SIS T TERENAE A58 X o e 0 A Seves
andrgesntheetsOtemplintodetahtritaraigralsdie leat ioneitgdete|saittight image

S smission 26 MGSLLP depth for each transmission depth; and
?@Fﬁ%@ﬂh%%%@rial of each matched object based on the grey

reconsspidtiefi resage. azqaibiicuasyairra@ogigshihmalsietic\signalersent by
S%I%jﬁ%&%eft%Warray and acquires left image data from the electric signals;

said right image acquisition system receives the electric signals sent by
said right detector array and acquires right image data from the electric signals;
and

said computer processing system receives said left and right image data
from the left and right image acquisition systems respectively, processes said
left and right image data at different energy levels to identify the material of an
object at a specific transmission depth in an image transmission direction

wherein said computer processing system segments said left and right
image data at different energy levels and matches the results of said
segmentation so as to obtain matched objects and create template depth planes
of transmission images of the different energy levels in the transmission depth
direction, wherein a matched object has an object template in one of the left and
right transmission images and a matched object template in the other
transmission image; reconstructs grey values of the template depth planes to
obtain gray images of the matched objects for each energy level, merges the

template depth planes for different energy levels at the same transmission
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5 comprising: a beam controller for receiving the X-rays emitted by the
radiation source and generating two beams of X-rays which are

symmetric or asymmetric and have an angle between them. 10 18. The  p¢osLLP

scanning radiographic imaging system of Claim 16, wherein said beam
controller is a double-slit collimator. 19. The scanning radiographic

imaging system of Claim 18, wherein two collimation slits are provided in
daithdradiitenismiadeicio dbpfie thedXdentifids thaitteatdryadatl eadratiaatched

b o db . e
GHIEHL BERRHAI e 55, TR SOV Y 15810 Graphi Tmaging System o

Claim 16, wherein said detector arrays comprises "L"-type arranged

tectgrs. 20 21. The scanning radiographic imaging system of Clai 6,

herei 'Said® C@&W&?tef %%%%%s?ﬁbcsag?egﬁ{ " Sa’?ss%ggi‘spﬁgy i(r%gggs rcTF%hef urther
cnenisingder detection, respectively, based on the left and right image
data. 2a7beam controller for receiving the X-rays emitted by the radiation source
and generating two beams of X-rays which are symmetric or asymmetric and

have an angle between them.

18. The scanning radiographic imaging system of Claim 16, wherein said

beam controller is a double-slit collimator.

19. The scanning radiographic imaging system of Claim 18, wherein two
collimation slits are provided in said double-slit collimator to shape the X-rays
emitted by said radiation source into two beam sector, either symmetric or

asymmetric, with an angle between them.

20. The scanning radiographic imaging system of Claim 16, wherein said

detector arrays comprises “L”-type arranged detectors.
21.  The scanning radiographic imaging system of Claim 16, wherein said

computer processing system can also display images of the objects under

detection, respectively, based on the left and right image data.
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