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|. INTRODUCTION

Circularcone-bean{CB) computedomographyhasbecomeanattractve
imaging method, not only for medical applicationsbut also for non-
destructve testing.A popularalgorithmfor reconstructiorfrom CB dataof
afull circularscanhasbeensuggestedby Feldkampet al. (FDK) [1]. FDK
yields acceptableimage quality in various practical scenarios.However,
whenusing FDK for imaging objectsthat containstrongdensityvariations
in z, a signi cant level of CB artifacts can be obsered. Typically, these
artifactsspreadover wide regions of the reconstructed/olume, even when
the strongvariationsin z arevery localizedwithin the object.

In this paper we introduceand evaluatea novel analyticalreconstruction
formula that producesin some scenariosresultsof a quality superiorto
that of FDK. In particular a signi cant artifact reductionis achieved for
objectswhich containstructureshat have high-magnitudealongz, but are
localizedin x andy

I1. NOTATION AND RECONSTRUCTION THEORY

Our objectie is to recover the densityfunctionf (x) with x = (x;y;z)
of an object that is interrogatedby a CT scanningdevice. During the
scan, the X-ray source moves along the circular trajectory a( ) =
(Rcos; Rsin ; 0), where R denotesthe radius of the circle and 2
[0;2 ) describesthe polar angle of the source.We assumea planar X-
ray detectorthat is describedusing the orthonormal systeme,( ) =
( sin; cos; 0),e( )= (0;0;1) andge,( ) = (cos; sin; 0). The
detectorplaneis spannecby g,( ) ande,( ) andis at distanceD from
the source.A location on the detectoris speci ed using coordinatesu and
v 2 [ vm;Vm] that are measuredalong thesetwo axis, respectiely. CB
dataacquisitionyields the function g( ; u;v) thatdescribedntegrals of f
alongraysthatstartata( ) andintersectghe detectorat coordinategu; v).
We now suggesto reconstruct
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as an approximationof f (x). In this expression,u andv de ne the
detectorcoordinatesf the CB projectionof x at sourceposition and
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denotesltered CB data.Furthermore,
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" Deg(; u;v)= uZ2+ vZ+ D2 otherwise.

while g( ; ; ) describesCB datadifferentiatedin  at x ed ray direction.
The ltering equation(2) de nesaHilbert transformalongtwo linesthrough
(u ;v ) with slopes
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The parameters o 2 [0;2 ) and g 2 [0;2 ) are here selected
individually for eachpoint x, suchthatx, a( ») anda( g) de ne aplane
orthogonalto the PCS and such that the parameters o and g > 4
minimize the expression
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I11. RESULTS

We simulatedCB dataof a tube phantom(seeFig.1) usingthe geometry
parameter®f a typical CT scannerOur algorithmis evaluatedon the task
to reconstructthe region located inside the wall of the central cylinder,
which hasa backgroundof OHU and may containvarying structuresThe
dif culty is givenby severalstacksof high-attenuatingliscs. Thesesurround
thecentralcylinder andcorrespondo a strongdensityvariationsin z, which
are,however, localizedin x andy. Reconstructiorresultsare presentedn
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Fig. 1. (Left) 3D illustration of the tube phantom.(Right) Slicey = 0 through
the (top) original tube phantom(grayscalewvindow [-300HU,300HUY]),(center)high-
contrasttube phantomin [-50HU,550HU], (bottom) low-contrasttube phantomin
[-100HU,100HU]

Fig. 2. Reconstructionsising (left) full-scan FDK and (right) our algorithm. (Top
to bottom) original tube phantom(grayscale[-300HU,+300HU]), low-contrasttube
phantom([-100HU,+100HU])and high-contrastube phantom([-50HU,+550HU]).

IV. DISCUSSION AND CONCLUSIONS

The left column of Fig. 2 shaws that when using the FDK method,the
CB artifactsthat causedby the stacksof discs spreadover large areasof
the object, so that an interpretationof the interior structureof the tube
phantomis very dif cult. Using our method,however, the CB artifactsare
constrictedwithin the regions of the discs,so that now, e.g.,the inlays of
thelow-contrastubephantomcanbe distinguishecdeasily In the considered
scenarioof imagingobjectsthatcontainhigh-contrastongitudinalstructures
which are at the smaetime localizedin x andy, our algorithm clearly
outperformsFDK in termsof CB artifacts.
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