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I. BACKGROUND

An elementaryacquisitioncon�guration for 2D transmissiontomog-
raphyis the (ideal) fan beamgeometry, wherethe X-ray sourcemoves
onacirculartrajectorya(l ) = R(cosl ;sinl ) aroundtheobjectof interest
f (x) [1]. An appropriatelyposed,e.g.curveddetectorhelpsto acquire

g(l ;g) =
Z +∞

0
dt f (a(l ) � t cosg� ew(l ) + t sing� eu(l )) (1)

with ew(l ) = (cosl ;sinl ) andeu(l ) = (� sinl ;cosl ) andby thatmea-
sures2D RadondataR f of theobject.

The theoreticallyminimal setof projectiondatafor an exact recon-
structionof f (x) is obtainedwith the so calledshortscancon�guration
that usuallyleadsto a certainamountof redundancy. SomeRadonval-
uesaremeasuredtwice, sinceg(l ;g) = g(l + p � 2g; � g) - othersonly
once,asvisualizedin Fig. 1. In FBPreconstruction,oneneedsto equal-
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Fig. 1: Fan-beamdataof theSheppLoganphantomfor l 2 [0� ,270� ]. Thedarker
areascorrespondto redundantline integral data.

ize thecontributionof everyRadondatato avoid severegradientartefacts
in the �nal image. A commonapproachis to multiply g(l ;g) with a
weighting function w(l ;g), wherew(l ;g) + w(l + p � 2g; � g) = 1. In
FBP algorithmsbasedon the conventional2D Radoninversionformula
[1], the weightingis followed by a high-pass�ltering step,so that only
smoothfunctionsw(l ;g) can be considered. In general,however, the
non-smoothuniformweightingwith w = wns = f 0:5;1g for redundantor
non-redundantvalues,resp.,is preferred.Especiallyfor realworld data,
that suffers from noiseeffects, superiorSNR is expectedin the recon-
structedf (x).

II. METHODS

The smoothnessrestrictionfor w is theoreticallyovercomewith the
introductionof a novel 2D FBPformula[2], wheretheweightingcanbe
appliedafter�ltering. Here,anaccurateapproachfor reconstructionwith
uniformweightingis presentedusingthisnovel formula.Considerapoint
x. From[2], we canwrite

f (x) =
1

2p

Z

Λ
dl

1
kx� a(l )k

wns(l ;x)gF (l ;g(x)) (2)

Fig. 2: The two lines throughx andthe endpointsof a(l ) de�ne the stepsin the
weightingfunction. A valid applicationof the trapezoidalrule requiresa special
handlingfor e.g.[l 3, l 4].

wheregF (l ;g) is someappropriately�ltered projectiondataandg(x) de-
notestheray throughx.

Using basicgeometricconsiderations(Fig. 2) we computel in;x and
l out;x, that coincidewith the discontinuitiesof the weighting function.
Radondatafor theline throughx anda(l ); l 2 [l in;x; l out;x] isnon-redundant
(wns = 1), whereasRadondatacorrespondingto linesat l =2 [l in;x; l out;x]
occurstwice,hencewns = 0:5. Thisconceptis calledpixelbasedweight-
ing. To handlethe discretecharacterof practicaldata,the integral in 2
is approximatedwith the trapezoidalrule. Fig. 2 illustratesan interval
of gF (l ;g(x)) andthecorrespondingw(l ;x). Whereastheareaof most
trapezoidscontributewith aweight0:5 or 1 to thetotalsum,thetrapezoid
T[λ3;λ4] includesthestepin w at l in;x. Its areacanbesplit into two parts
A[λ3;λin;x] andA[λin;x;λ4], yielding its total contribution

0:5� A[λ3;λin;x] + 1:0� A[λin;x;λ4] =
�

Dl � d
2

+
d2

4Dl

�
gF (l 3;g(x)) +

�
Dl
2

�
d2

4Dl

�
gF (l 4;g(x)) ;

(3)

with d = l in;x � l 3. Similarcomputationsaredonefor l out;x andreorder-
ing thesummandsyieldsavalid weightw 2 [0:5;1] for everygF (l ;g(x)) .

III. RESULTS

To evaluatethe SNR performanceof pixel basedweighting, sino-
gram data from a water cylinder (r = 9cm) is simulated(Dl = 0:4� ,
l 2 [0� ;330� ], R = 75cm)with addedPoissonnoise. Fig. 3 presentsa
comparisonbetweenthe generalizedParker weight [3, 4] and the pixel
basedapproach,showing thesuperiorityof thelatter in termsof average
noiseandequalnoisedistribution.
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Fig. 3: Left: Varianceimagesfrom 250reconstructions:(top)Parker weight,(bot-
tom)pixel basedweight.Right: varianceplot atx = (acosa,asina) with a = 5cm.

IV. DISCUSSION

First resultsshow that pixel basedweighting can improve the SNR
in reconstructionsfrom redundantdatacomparedto commonmethods,
dueto a morebalancedandexactuseof redundancies.Futurework may
investigateotherpixel basedweightingschemes(e.g. to optimizespatial
resolutioninsteadof SNR).Thetransferof the introducedconceptsinto
3D is consideredto beof majorinterest.
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