Comput ed Tonogr aphy System and Method Field of the

I nvention [001] This invention relates to a conputed
wo covoguaphy system and nmet hod and refers parti BOl/a6ops/000354

t hough not exclusively, to ap X-ray conputed

t onography inspection system and nethod for industrial

application. Mre particularly, the invention rel ates

to the det er mcwipudéed DémbdraplocSistenh atidiMethpduse of

projections of the object to be scanned Background of

the |nvention [002] A typical X-ray mcro-conputed

t orftR)d gpthe Ifveption) system for industrial applications

consi sts of an X-ray source, a manipulator/rotator for
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i nspection as their basic capability. These systens
frequently require that the mani pul ator nove from

pl ace-to-place; and that the rotator be nounted on,
an®Backgrouad bithé irventidrhe mani pul ator. The consequence
of this flexibility is the prerequisite determ nation
of the central ray each tine the nmanipul ator or the
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and removable from, the manipulator. The consequence of this flexibility is the
prerequisite determination of the central ray each time the manipulator or the
rotator is moved. Even with the same manipulator coordinates, generally the
system will give two central ray positions that may be sufficiently different to be

unacceptable.

[004] A common solution to this problem is to use a wire phantom to calibrate
the central ray position before each CT scan. To do so, the wire phantom is placed
on the rotational axis and is rotated for 360 degrees in predetermined angular
steps. The projections of the wire phantom at all angles are then recorded and
used for the determination of the central ray. The wire phantom is usually quite
small so that it can be treated as a point for all angles. With fan-beam geometry,
due to the small deviation of the wire phantom to the axis of the rotation, the central

ray is simply determined as being center of the sinogram of the wire phantom.



small so that it can be treated as a point for all

angles. Wth fan-beam geonetry, due to the small
walewratioon of the wire phantomto the axis of PEESG2005/000354

rotation, the central ray is,sinply determ ned as

bei ng center of the si nogram of the wire phantom [ 005]

The use of a wire phantomto determne the central ray

positi on creates many problens including, but not
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[007] According to a second preferred aspect there is provided a computed
tomography method comprising:

(a) producing a fan beam of X-rays at a fixed X-ray;

{b) detecting the X-rays at a fixed digital detector;

(c) rotating an object to be inspected using a manipulator;

(d) determining left and right projections of the object on the fixed
digital detector;

(e) determining a central ray position from the left and right
projections; and

) reconstructing an image of the object using the central ray
position.

[008] A sinogram of the projections of the object may be used to determine the
central ray position. The central ray may be determined by identifying the left and
right ends of the sinogram.



projections; and (f) reconstructing an i mage of the

obj ect using the central ray position. [008] A
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to determne the central ray,position. The central ray

may be determ ned by identifying the left and right

ends of the sinogram|[009] An included angl e between

the left projection of the obj ect, the fixed X-ray
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[012] In the drawings:

Figure 1(a) is a schematic representation of a typical prior art X-ray micro-CT
system for industrial application;

Figure 1(b) illustrates a prior art CT scan and reconstruction system;

Figure 2 is a flowchart of a prior art CT scan process with the CT system of Figure
1(a) and 1 (b);

Figure 3(a) is a schematic diagram of a prior art CT system using a wire phantom
for central ray determination;

Figure 3(b) is the photograph of a practical wire phantom used for central ray
determination; '

Figure 3(c) is an example of a sinogram of a prior art phantom wire generated from

its projections;



Figure 2 is a flowhart of a prior art CT scan process
wth the CT systemof Figure 1(a) and 1 (b); Figure
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Figure 9(c) is a reconstructed image of the object of Figure 9(a);

Figure 10 is a view corresponding to Figure 4(a) but of a second preferred
embodiment; and

Figure 11 is a view corresponding to Figure 4(a) but of third preferred embodiment.

Detailed Description of the Preferred Embodiments

[013] The CT scan of the object to be inspected is performed over 360 degrees,
or over an arc of 180 degrees plus the fan-beam angle, at selected angles. The
projections at each angle are recorded. These projections are then used for both
central ray determination and image reconstruction. The principle behind the
method is that the left end and the right end of the sinogram of a selected object
slice come from the point on the object which has the largest radius from the
rotation axis of the object. The central ray bisects the angle formed by the two end
points and the X-ray source point. Therefore, with prior knowledge of the central
channel (which is always fixed) the central ray can be determined by a geometric
relationship. The central ray may be determined simply as the center of the left and
right ends of the sinogram if high accuracy is not required, or the left and right ends



Figure 9(c) is a reconstructed i mage of the object of
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Figure 11 is a view corresponjdl ng to Figure 4(a) but

of third preferred enbodi nent”. Detail ed Description of

the Preferred Enbodi nents [013] The CT scan of the
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(i.@dlep @EﬁﬁemteﬁonbJe&mﬁ ip fen seuaved a@cbcahbraw farofiss (292),

di sgen(@e3)(and Svedde @0%)Bnduated 2 wire phantom 34 is mounted (205). The
wire phantom 34 is usually a straight wire fixed in a plastic tube. It is held by the
rotator 18 and rotated for 360-degree at predetermined angle steps during which it
is scanned for central ray 22 determination (206). The sinogram is then generated
from all the inspections obtained at all angles and is used to determine the position
of the central ray 22. If the central ray 22 is not successfully identified, a larger
diameter wire phantom 34 is used until the central ray 22 is determined. After the
successful determination of the central ray 22, the wire phantom 34 is removed and
the object 16 to be inspected is again mounted on the rotator 18 (207). The
corresponding CT scan parameters are set (208) and the CT scan commenced
(209). With the inspection of the object 16 obtained, the cross-sectional image of
the object 16 is reconstructed (240).



[015] Figure 1(b) illustrates the arrangenent for a CT
scan. The central ray (isochannel) 22 is defined as
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12. The central channel 24 igs the detector cell that
the X ray projects on and which is perpendicular to
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channel 24 is defined as the ray perpendicular to the detector array. With a fixed X-
ray source 10 and detector 12, the ceniral channel 24 and detector pixel size 26
are always fixed and will not change unless the source 10 and/or detector 12 are
moved. This may be due to, for example, replacing a damaged camera. Based on
a known central channel C and detector pixel size p, the central ray can be

calculated as following:
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detector 12. That is, the left 40 and right 42
boundari es of the sinogramof a selected slice are
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object 16. Therefore, once thﬁ position of the

rotation axis 44 is given, the included angle of: the
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of the known central channel 24 and the detector pixe
size 26. As described bg re+_tm central channel 24
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array. Wth a fixed Xray source 10 and detector 12,
the central channel 24 and detector pixel size 26 are
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exanﬁpe repl aci ng a damaged canera. Based on a known
central channel C and detector pixel size p, the
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t 0 tHeetube voltage or current is changed. The manipulator with the object 16 is

shifted back to the previous position (405) on the rotator 18 and the scan (406) and
reconstruction (407) take place.

Based on this CT scan, a one-step micro industry CT inspection system is possible
that is simpler than previous systems, and enables the automatic performing of
determining the system parameter settings, object positioning, offset calibration,
gain calibration, wedge calibration, the CT scan, and image reconstruction. The
automated system parameter setting may be by image analysis of the object under
illumination, or checking a look-up table created for the relationship between the
system parameters and the object's properties, including shape and size.
Automated object positioning may be achieved by analyzing the image of the
object under illumination.
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formula can be sinplified as followi ng [020] Wth the

central ray point Oidentified, the process of

reconstruction can start. [021] Figure 4(b) is a

I | oyezapr hgtqfe d(8)&hédls B6 @éhtraTrﬁt? 29 B8 Slinebbriths VARWHaAgm 2 Git
o AT Pt St g5 T Wi bt Blubitgsiy ipged at a

rad datan@mto dregatatiangl 3y tacicetes rédivs toﬂlfesretathrwoequ gai n
(403) and wedge (404) effects take place. Wth a

ta X a urce 10 and d al detector 12, this
ot ol ot SRl s n de Sl T o Lo with
r epeiferedcestie mothhehapellaad walerialg eAlbobjeats weret sdasneciha rige dame

The Ji@ih Bib at %ueeﬂsw fﬂ%%sa@g @f%e %egwtrblsra%héré br%g %ﬁenﬁmw

revi ous position

scaHE'?QL@B')' O%h °Pé‘l96r‘?§{3r 'E%Yaﬂﬁm(‘%?')ee Wil hajypbserved s yire
on phangonCI4 Hicaph a gepeatebility epdyri cro i ndustry CT

i nspection systemis possible that is sinpler than
previ ous systens, and enabl es the automatic perform ng
of H2ekr mgHrerﬁgs9ﬁ*em§9%rﬁmVﬁtﬁraaq?étséapegém%egutt%B?Fe&'gure
poS Bia) csry z:gproj@étfoﬁef the@bjebtt Bibire B(b) @24 §indy@drh b dHel sidd, with the

V\Bdge?t B& a\"réhp %‘th&e hgaﬁ egd‘ﬂh @(tan(élﬁédm ach% Figure 6(c % tlS tfée

recons ruc em par aneter s
may resensyyictegrelige inzasalofdie sbiest: t he obj ect under
illumnation, or checking a | ook-up table created for

h . .
e uBl SHAS R SRR UL RRIONE, 85030 1
Aut oreiecian of bjeebtech bigiei 7dniing sinegyar of erstuliea with thy left end and

anakyitieR@ oft i }amg&hﬂéd %H@Fl?@b@&t) lsl'iﬂéi?erconstructed slice image of
IHH@ nat i on. Flgure5a) shows the central ray
t

o8lef ned W|th a wire phantom 34 at a randony
chosen rotation axis. The wire phantom 34 is

| Nt e3kj OB@lnleXS IQEQQﬁgnﬁ%tlo‘% vﬂt‘h%tm Ei ? urk lgfaa ) s br?]%g% of
axis to create radius to the onal "axl s.

Fi gme@bgeﬁaflggf@rﬁ@r@ 2 é@OQ’ﬁ'@ of et ?"ﬁ? wnﬂagi@ Iefieensrand might end of
W t Binedoare adestiflati tahd Gigufess(©RCIAS rdcindiétbd Sileapeagadtithe object.

material. Al objects were scanned at the sane
[027] Figure 9 is the demonstration with aluminum foam. Figure 9(a) is a 2D
projection of the object; Figure 9(b) is a sonogram of one slice with the left end and
right end of sinogram identified; and Figure 9(c) is the reconstructed slice image of
the object.

[028] Figure 10 is a second embodiment in which a relatively small object 50
made of a dense material is adhered to the object 16 to be inspected, which has a
special structure or material density distribution. The small object 50 may be
placed at a non-interest area of the object 16 so that the areas of interest of the
object 16 will not be affected. The CT scan can then be performed in the manner
as described above. Because of the special structure or material property

distribution of the object 16, it may not generate good projection contrast for proper
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observed with a wire phanton534 t hrough a
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structure or material density distribution. The snmall
object 50 nmay be placed at a non-interest area of the
object 16 so that the areas of interest of the object
16 will not be affected. The CT scan can then be
performed in the manner as descri bed above. Because of
the special structure or material property

di stribution of the object 16, it may not generate
good projection contrast for properboundary
identification, the small object 50 is used to produce
the necessary contrast. [029] Figure 11 shows a third
enbodi ment with which the projection of the object



point with |largest radius 36 is not used. The
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calculating the central ray 22. [030] The CT process
Is therefore sinplified and nore user-friendly. It is
al so possible to integrate all calibration processes
i ntyqeecAliMscan process so automation is inmproved.
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in claiml, wherein a sinogram of the projections of
the object is used to determne the central ray

pos¥t i onh canpylecclomparerity syeiam g e’y seiehi & éC'@'ma% Mpgrein
I N & iAdibed 2AGle & @em&detamﬁre&h&c@nau rB¢ poiipd, a8 glodédsangle

used .t etern1 ROS/

e G BEp RSB e abfE e BRE B 3aube By e rom
t heprojption of the hlejedti xed X-ray source, and the rlght
projection of the object. 4. The system as clained in

claim3,_wherein the central ray bisects t i‘
oo, ST ot SRR IS AT T ey o PP
wheindudedanglart of the object with a largest radius to
an axis of rotation is used to determne the |eft and
right
g5. The system as claimed in claim 3 or claim 4, wherein a part of the object
with a largest radius to an axis of rotation is used to determine the left and right
projections of the object on the fixed digital detector, the left projection of the part

being a leftmost projection and the right projection being the rightmost projection.

6. The system as claimed in any one of a claims 3 to 5 when appended to
claim 2, wherein a central channel and a pixel size of the detector are known; the
central ray being determined by identifying the left and right ends of the sonogram.

7. The system of claim 3 or claim 4, wherein left and right projections of a
point of the object which generates a much clearer contrast are used to determine

the central ray position.

8. The system as claimed in claim 7, wherein the point comprises a relatively
small object made of a material more dense than that of the object; the relatively
small object being attached to the object.
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wherein a central channel and a pixel size of the
detector are known; the central ray being determ ned
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13. The method as claimed in claim 12, wherein the central ray bisects the
included angle.

14. The method as claimed in claim 12 or claim13, wherein a part of the object
with a largest radius to an axis of rotation is used to determine the left and right
projections of the object on the fixed digital detector; the left projection of the‘ part
being a leftmost projection, and the right projection of the part being the rightmost
projection.

16. The method as claimed in any one of a claims 12 to14 when appended to
claim 11, wherein a central channel and a pixel size of the detector are known; the
central ray being determined by identifying the left and right ends of the sonogram.
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