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Abstract

A strategy to mitigate typical reconstruction artefacts in missing wedge (MW) computed
tomography (CT) is presented. These artefacts appear as elongations of reconstructed details
along the mean direction (i.e. the symmetry centre of the projections). Although absent in
standard CT applications they are most prominent in advanced electron tomography and also
in special topics of X-ray and neutron tomography under restricted geometric boundary
conditions. We investigate the performance of the DIRECTT algorithm (Direct Iterative
Reconstruction of Computed Tomography Trajectories) to reduce the directional artefacts in
standard procedures. In order to be sensitive to the anisotropic nature of MW artefacts, we
investigate isotropic substructures of metal foam as well as circular disc models. Comparison
is drawn to filtered backprojection and algebraic techniques. Reference is made to
reconstructions of complete data sets. For the purpose of assessing the reconstruction quality
Fourier transforms are employed to visualise the MW directly. Deficient reconstructions of
disc models are evaluated by a length-weighted kernel density estimation, which yields the
probabilities of boundary orientations. The DIRECTT results are assessed at different signal-
to-noise ratios by means of local and integral evaluation parameters.

Keywords: Missing Wedge, Computed Tomography, Electron Tomography, Iterative
Reconstruction, Reconstruction Algorithm, Image Morphology

1. Introduction

In several applications of computed tomography (CT) based on electrons (Midgley & Dunin-
Borkowski, 2009), X-rays (Stock, 2008), and neutrons (Kardjilov et al., 2011), restrictions
due to limited access (e.g. extended components, fixed objects), directional opacity, limited
sample life time/stability or laminographic set-ups present a challenging reconstruction task.
Especially advanced electron tomography has continuously improved the potentials of 3D
imaging of nanostructures in molecular and cell biology, but suffers from image artefacts due
to the limited sector of accessible projection angles (Midgley & Dunin-Borkowski, 2009;
Midgley & Weyland, 2003). Such Missing Wedge (MW) measurements are incomplete data
sets with respect to standard requirements of established reconstruction algorithms. The
respective reconstructions unavoidably result in improper deposition of material density
elements. Typical image artefacts are elongations of the actual shapes along the mean
direction of projections (Radermacher, 1988; Kawase et al., 2007), i.e., the spatial resolution
becomes anisotropic.

The MW issue has been approached in different ways by focussing on the data
collection (measurement), the reconstruction algorithm and the quality assessment.
The reconstruction techniques by Filtered Backprojection (FBP) (Radon, 1917; Kak &
Slaney, 1988)and Weighted Backprojection (WBP) (Radermacher, 1988)suffer from



deconvolution of projections by an isotropic point spread function. However, from a current
point view, iterative algorithms (such as ART, (Gordon et al., 1970)) are considered, in
particular SIRT (Simultaneous lterative Reconstruction Technique) (Gilbert, 1972) and more
recently discrete tomography (Batenburg, 2005).The latter exploits some a priori information.
A particular representative of this class of algorithms is the Discrete Algebraic Reconstruction
Technique (DART) (Bals et al., 2007; Batenburg et al. 2009). Considerable advantages by
iterative Total Variation (TV) are reported in order to exploit the sparseness of internal
structure boundaries (Sidky et al., 2006).A masked SIRT/DART algorithm was successfully
applied to very few projections under the MW restriction (Zurner et al., 2012).Recently, the
combination of WBP and SIRT, W-SIRT, was suggested as a promising approach to attack
the MW problem (Wolf et al., 2014).

On the other hand, sophisticated measuring schemes have been suggested beyond the
conventional uniaxial image acquisition with constant angular increments: the equally-sloped
tomography (Lee et al., 2008) which employs the pseudo-polar fast Fourier transform
(Averbuch et al., 2008) and the dual axis tomography (Penczek et al., 1995; Arslan et al.,
2006) together with an appropriate SIRT-based algorithm which alternates between the two
axes in each iteration cycle (Tong et al.,2006). An approach to find a measure for the
anisotropic spatial resolution in the reconstructed data by edge spread functions was given by
HeidariMezerji et al. (2011).

Electron tomographic data usually suffer from the simultaneous occurrence of
multiple restrictions, as there are (partial) opacity, a limited field of view (resulting in the
region-of-interest problem), variable angular increments and, as the two main obstacles, very
few projections and the MW.Fernandez (2013) gives a comprehensive review of
computational methods used for electron tomography from data acquisition to advanced
reconstruction methods. Chen et al. (2014) evaluated the fidelity of different reconstruction
techniques by means of edge profiles and the resolvable distance at the example of tubular
objects.

In our study we explore the potentials of reducing MW artefacts by adapted strategies
of the DIRECTT (Direct Iterative Reconstruction of Computed Tomography Trajectories)
algorithm (Lange et al., 2003, 2004, 2006, 2008, 2011). The algorithm has been demonstrated
to cope with the multiple restrictions of electron tomographic data (Grothausmann et al.,
2010, 2011) and for neutron tomography as well (Manke et al., 2009, 2010; Kupsch et al.,
2010; Markotter et al., 2012).

In order to illustrate a typical application of MW tomography Fig. 1 compares SIRT
(@) and DIRECTT (b) reconstructions of a single slice electron tomogram displaying Ru
catalyst particle arrangements on carbon support, where the DIRECTT algorithm reveals
more details. Apart from the rather subjective perception of the image differences the
respective Fast Fourier Transforms (FFT) in the inserts provide a direct integral measure of
the directional distribution of edges and remaining anisotropic details (Smith, 1997). The
effect of the MW of projections is represented by the dark sector of the 2D FFT of SIRT (Fig.
1a, inset). In contrast, the FFT of DIRECTT indicates a reduction of the MW artefacts (Fig.
1b, inset).Experimental details and TEM images are given elsewhere (Grothausmann et al.,
2011).

Here, we apply X-ray (parallel beam) tomography in order to be independent of the
multiple perturbing effects in electron tomography. Similar to the angular limitations, the
sinogram data are truncated at 120°. Experimental X-ray tomography of metallic foam
structures as well as simulated model data of circular pores are investigated due to their
sensitivity to anisotropic artefacts within the tomograms. Similar nano scale structures have
been successfully visualised by electron tomography (Biermans et al., 2010).



Fig. 1. lllustration of a typical MW tomography application: comparison of electron tomogram slices of Ru
catalyst particles on carbon black support and the respective 2D Fourier transform magnitudes (FFT) as insets;
(a) SIRT result (pronounced dark FFT sector); (b) DIRECTT reconstruction after 11 iterations (rather isotropic
FFT). Projection data were collected in a 143° section of tilt angles with an angular increment of 1°
(Grothausmann et al., 2011).

2. DIRECTT Algorithm

The DIRECTT algorithm has been described in detail elsewhere (Lange et al., 2004, 2006,
2011). Here, we restrict ourselves to emphasize its key features, which are essential to
improve the quality of MW reconstructions.

Like any iterative algorithm DIRECTT is based on a sequence of alternating
reconstructions and virtual projections of intermediate reconstruction results, which are
subsequently improved. The procedure is illustrated by Fig. 2 at the example of a low
resolution pixel model of density singularities in order to image directly single pixel smearing
and to monitor their anisotropy under 90° MW conditions. The basic principle of the
DIRECTT procedure is the computation of line integrals along sinusoidal traces, which
correspond to each individual pixel position of the tomogram. Contrary, in FBP sinogram
data are “back”-projected into the tomogram.

The following items list distinctive features of the iterative approach:

Initialization

- input of experimental or model attenuation data sinogram

-for each pixel within the reconstruction array, assign a weight of the integral along its
interpolated (sinusoidal) trajectory within the (optionally filtered) sinogram (Fig. 2c)

- selection of predominant reconstruction pixels whose trajectory weight exceeds a pre-
defined percentage « of the maximum value occurring in the reconstruction array

- weighted summation of the selected pixels to the (empty) reconstruction array by pre-
selected factor f results in the intermediate reconstruction (Fig. 2h)

Iteration

- projection of the intermediate reconstruction into a temporary sinogram

- subtract the temporary sinogram from the measured one resulting in a “residual sinogram”
(difference of projected intermediate reconstruction and original sinogram, Fig. 2i)



- reconstruction of the residual sinogram as before

- weighted summation of the newly selected elements in order to update the intermediate
reconstruction array

- repetition of the above steps

Termination

- terminate the algorithm at a pre-defined number of cycles or when the variance or integral
weight of the residual sinogram converges, e.g. at 99% of the respective initial values (Fig.

2j).

missing

Fig. 2. Principles of iterative model reconstruction under 90° missing wedge conditions by DIRECTT (without
filtering); a) 642 pixel model containing 14 identical pixels of non-zero mass elements; b) sketch of 90° missing
wedge and sector of projections (arrows); c) 180° parallel beam density sinogram of model, 45 projections by 2°
and empty missing wedge region below; d) FBP of sinogram (c) (all mass reconstructed); e) sinogram obtained
from projecting the FBP reconstruction (d) revealing blurred projections at lower missing wedge half; f) averaged
single mass elements of (d) demonstrating typical elongation artefacts; g) magnitude of the Fourier transform
(FFT) of elongation artefact of (f) with orthogonal elongation; h) 2% of the total mass selected from unfiltered
DIRECTT reconstruction of (c) (a = 0.8) revealing a first intermediate reconstruction; i) typical sinogram of
intermediate reconstruction according to (h) (after 150 cycles of projections each being subtracted from the
original data set of (c)), negative sharp sinogram traces account for the missing wedge; j) DIRECTT
reconstruction terminated at 99% retained mass after 300 iteration cycles.

It should be stressed that the selection implies an update for only a subset of reconstruction
elements in each cycle. The mentioned parameters (weights, selection thresholds, and even
filters) can be varied for each cycle either by the operator after assessing the intermediate
result (interactive reconstruction) or automatically depending on the iteration progress. The
choice of filters depends on the reconstruction task, either to overcome certain restrictions of
the measurement (regarding completeness, geometric or intensity distortions) or to emphasize
special reconstruction features. The fraction « ranges from 0 (accept all reconstructed values;
I.e. no selection) to 1 (accept only the maximum absolute value).

High precision of the computed projections results from treating pixels as volume
elements of well-defined size and shape instead of points. Given precise projection input,
DIRECTT is capable to exceed the resolution of the detector pixel size (Lange et al., 2008).



In addition to the general principles of the DIRECTT procedure, Figure 2 depicts some
specific features of a 90° missing wedge of projections (Fig.2b) revealing a limited parallel
beam sonogram of the model. Based on 45 projections by 2°steps and the empty missing
wedge region in the 180° sinogram (Fig. 2c), the FBP with the total mass reconstructed at
once creates the well-known elongation artefacts of the originally single pixel objects at 45°.
For better statistical significance all such objects are averaged and magnified in Fig. 2f. In
turn, a pronounced perpendicular streak results in their Fourier transform in Fig. 2g. Such
anisotropic artefacts do not only result in additionally blurred projections at the lower half of
the sinogram (Fig. 2e) of the projected FBP but even in wrong positive density. Fig. 2i
accounts for a typical sinogram of an intermediate reconstruction according to h) (after 150
cycles) subtracted from the original sinogram. Negative sharp sinogram traces indicate the
missing wedge sector.

In model calculations, DIRECTT has been shown to reduce the MW problem even
under severe restrictions (Hentschel et al., 2010). Fig. 3 displays the direct comparison of
results computed by DIRECTT and FBP for identical angular sectors of 90, 120 and 180°.
While the FBP exhibits dominant elongation artefacts along the mean direction of projection,
the iterative procedure reduces those artefacts. The individual images present a pixel model
and its reconstructions by FBP and DIRECTT at different MW. The quantification of the
elongations is performed by cross section profiles of an individual motif along the mean
projection. While for the full data set (180°) Fig. 3d reveals identical FWHM of 14 pixel in
both cases, Fig. 3h and 3i result in considerable broadening of the FBP, from 14 to 19 pixel
(120° projection) and to 23 pixel (90° projection), respectively.

— DIRECTT
---FBP

—DIRECTT
---FBP

‘ wedge

Fig. 3. Missing wedge model calculations: comparison of reconstruction results obtained from FBP and
DIRECTT for identical projection sectors of 180°, 120°, and 90° (top to bottom) and quantification of missing
wedge elongation artefacts by cross section profiles of the disc motif along the mean direction of projections
(dashed arrows); a) 101x101 pixel model; b) 180° FBP; c) 180° DIRECTT reconstruction (a=0.6; 10 iterations,
180 projections); d) cross section plots of disc in (b) and (c) with identical FWHM; e) sketch for 120°
projections; f) 120° FBP; g) 120° DIRECTT reconstruction («=0.8; 50 iterations, 480 projections); d) cross
section profiles of disc in (f) and (g) with broadened FWHM of FBP; i) sketch for 90° projections; j) 90° FBP;
k) 90° DIRECTT reconstruction («=0.8; 100 iterations, 360 projections); I) cross section plots of disc in (j) and
(k) with broadened FWHM of FBP.



Best results are obtained when the iteration is performed in sufficiently small steps, by
choosing « close to unity and a small weighting factor f. Thus, very few accepted elements
are added to the intermediate reconstruction. The advantage of this strategy is to avoid the
early formation of artefacts, which cannot be purged in the further course of iteration.
DIRECTT does not leverage a priori knowledge at any stage. Moreover, DIRECTT is not
similar to SIRT/DART: There is no restriction condition to the pixels to be varied. Neither
boundary pixels (DART) nor limited change of grey values (SIRT). Discretisation is not
essential, it just helps to accelerate the convergence (see conclusion).

Different computing approaches in C and LabView™ code are implemented but they
are not freely available at present. As for all iterative reconstruction techniques, the quality
improvements have to be paid by higher computing effort. The number of iteration cycles is
roughly a linear factor for extended computing.

3. Partially discrete reconstruction strategy

For the purpose of faster convergence of reconstructions, we modified the standard procedure
by a partially discrete reconstruction strategy.

Under the basic assumption of an essentially binary mass distribution, we obtain a
rough estimate of the foreground density pp from the ratio of the integrated mass and the
number of non-zero elements (above a threshold) in the initial reconstruction.The procedure is
run in three stages. The first two of them rigidly impose binary reconstructions while the last
stage is free of restrictions.

In the first stage, it proves useful to purposely assume a substantially smaller binary
value p’ (p’=yp, y: reduction factor) than estimated from the initial reconstruction. From
cycle to cycle the selection threshold « is reduced until the residual sinogram’s integral
weight converges to a non-zero constant. At the end of stage one, we obtain a reconstruction
nearly free of artefacts, but at the purposely chosen small “density” level.

In the second stage, the foreground phase of the intermediate reconstruction is set to
the initially estimated value py (by multiplication). Iterations are strictly binary (0 and py),
again. Starting from high values «, they are reduced until convergence of the residual
sinogram to nearly zero (<1%) is reached. At the end of stage two we obtain an approximate
binary solution of the reconstruction.

Stage three, which comprises up to five cycles, is free of restrictions regarding
selection and discretisation. The discrete density values are modified continuously in order to
approach a non-binary greyscale representation of the true density pattern.

4. Quantitative Assessment

In order to get a measure of the reconstruction quality beyond pure eye inspection, we pursue
two approaches of assessment.

At first the remnants of the missing wedge in the reconstruction are assessed as an
integral criterion. This is done by evaluating the directional distribution of the magnitudes of
the respective Fourier transforms which represent the directional distribution of edges (high
frequency components) independent of image details. The directions of the distorted edges of
typical elongation artefacts (lacking those components) of isotropic objects correlate directly
to the wedge in Fourier space.

The second approach employs spatial statistics to quantify the erroneous elongation of
isotropic disc objectsof non-overlapping, randomly positioned pores. The assessment of the
reconstruction quality is based on statistical orientation analysis of grey scale gradients of the
pore boundaries, followed by thresholding and binarisation. Hence, typical elongation is



reflected by the orientation of these gradients. The extracted phase boundaries are converted
to polygonal tracks, i.e., to space continuous vector data (Lick et al., 2013). Their directional
distribution is investigated by a length-weighted kernel density estimation and is presented by
the rose of directions (RDR). Deviations between the extracted boundaries in the
phantomsand reconstructions were assessed by the L?-distance of the density functions.

A general benefit of using simulated phantoms is that in contrast to the reconstruction
of experimental projection data, the data to be reconstructed as well as the reconstruction
conditions such as signal to noise ratio (SNR) can be exactly compared to the model and may
be varied more systematically than a real sample.

5. Results and Discussion
5.1 Experimental Data

A metallic foam sample (AlsgNizsFezs, IFAM Bremen) has been subjected to a tomography
experiment using monochromatic (E = 50 keV) synchrotron radiation (storage ring BESSY 11
in Berlin). The sample (cross-section app. 1.1 x 0.65 mm?) was projected under 1200 angles
of rotation in a 180° sector (corresponding to an angular increment of 0.15°). The attenuated
radiation intensity was detected with a 4008 x 2672 pixel detector (pixel size: 1.1 um). The
incident beam was narrowed to the field of view by a slit system to avoid detector
backlighting (Lange et al., 2012). In order to study missing wedge effects, a 120° sector of
projections (corrected for flat-field and dark-field intensity) was used for the reconstruction.
But in contrast to typical electron tomography data, the availability of the complete data set
provides 180° reconstructions serving as reference. Thus, the missing wedge reconstructions
can be compared to the 180° FBP under identical experimental conditions.

The DIRECTT reconstruction is performed according to the partially discrete
procedure with 6 cycles at reduction factor y = 0.2, 5 cycles at full density oo, and 5 cycles
without restriction.

We discuss reconstruction results at the example of a single slice and the respective
Fourier transforms as displayed in Figs. 4 and 5, the 180° FBP reference a), 120° FBP b), and
the 120° DIRECTT reconstruction c). The (arbitrarily chosen) mean direction of the
projection sector corresponds to the horizontal axis.

200 pym

Fig. 4. Reconstruction of a single slice of the metallic foam and the respective magnitudes of Fourier transforms
(insets): (a) reconstruction of the full (180°) sinogram by FBP serving as reference, (b) FBP of the 120°
sinogram, (c) DIRECTT reconstruction of the 120° sinogram (11 iterations). The dashed box indicates the detail
of Fig. 5.



Further details are visualised by Fig. 5. Magnified identical details of Fig.4 reveal typical
differences. Density profiles along a selected single pore (arrows) indicate a pore elongation
of the 120° FBP about 30 % (FWHM) while the pore width of the 120° DIRECTT image
remains unchanged (Fig 5d). The polar plots of the Fourier transforms (Fig. 5e) provide the
different filling of the missing wedge, with the DIRECTT case near to the 180° reference.
Closer inspection of the FBP reveals some peculiarities:

(i) Elongation artefacts, which distort the roughly circular pores to lemon-like objects,
point along the mean direction of the projection sector. This involves that adjacent
but separated pores (as seen in the 180° reference) seem to be connected.

(i) In the perpendicular direction an overshooting contrast at the pore edges occurs
(Fig. 5b).

(i)  Roughly 20 % of the total mass is located outside the sample area (see the cross-
hatching structure to the left and right of the sample (Fig. 4b)).
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Fig. 5. Magnified identical details of the metallic foam reconstruction of Fig.4; a) 180° FBP reference, b) 120°
FBP, c) 120° DIRECTT reconstructions, d) density profiles across a selected single pore (dotted arrows), €)
polar plots of the respective Fourier transforms as sketched in the inset.

Application of the DIRECTT algorithm as described in section 3 reduces the listed artefacts
considerably (except of minor dark vertical streak artefacts). The pore boundaries appear as
closed circular objects. As demonstrated in a former study (Hentschel et al., 2010), the edge
contrast of the pores is higher than in the reference by FBP and without density overshoot.
The corresponding Fourier transform reflects these advantages by the partial filling of the
missing wedge sectors. For the required nine iteration cycles the additional computing effort
rises by a factor of nine as well.

5.2 Simulated Data

The simulated model data emulate the foam structure to a certain degree: the pores are
distributed randomly and do not overlap (Fig. 6a). In contrast to the real foam, the density is
strictly binary except for the pore edge pixels whose values correspond to the partial pixel
coverage. Furthermore, the pore size is kept constant (mono dispersed) in the single models.



These phantoms are generated by random sequential adsorption (RSA) models (Illian et al.,
2008). The models are realized in a 500x500 pixel window at a pore size of 20 pixels in
diameter. 100 phantoms are generated, whose projections are subjected to different signal-to-
noise ratios (SNR, ranging from 20 to 100, (Luck et al., 2010)).

In order to compare the reconstruction properties of typical model patterns Fig. 6
shows a 20 pixel pore distribution model, which was projected with angular increments of
0.5° and a MW of 60°. At a SNR of 100, the SIRT result, the filtered back projection, and the
according DIRECTT result are depicted. Considering the isotropic edge reproduction of pores
as the main issue of the MW problem neither FBP nor SIRT reconstructions (Fig. 6b, 6c) are
convincing. However, the DIRECTT result (Fig. 6d) provides a good approximation of the
individual model pores. Similar to the experimental data the dark vertical streak artefacts
appear again. Currently, these artefacts are inevitable, however in terms of integral evaluation
they do not disturb the angular distribution function of the more frequent pore edges, as
proved by the absence of additional horizontal streaks in the FFT. Awareness is required to
prevent misinterpretation as cracks.

The insets display the corresponding 2D Fourier transform magnitudes (the circular
interference fringes origin from the uniformity of the pores). Comparing the reconstruction
techniques, DIRECTT vyields an analogous reduction of the MW as observed with the metallic
foam sample (Fig. 4). The FBP and SIRT results exhibit pronounced dark missing wedge
sectors (Fig. 6b and c). The DIRECTT result performs with a partially filled missing wedge
area up to the fourth interference ring, corresponding to a quarter disc diameter (5 pixel
resolution).

Fig. 6. 20 pixel pore model (a) and the 60° missing wedge reconstructions obtained from simulated sinograms
with SNR of 100, (b) FBP, (c) SIRT, and (d) DIRECTT result (16 iterations). The respective magnitude 2D
Fourier transforms of the insets reveal the different evolution of the missing wedge by the dark sectors.



For the purpose of statistical assessment of the reduction of MW artefacts the pore edges are
extracted by a gradient filter and the resulting polygonal tracks are represented by Rose-of-
Direction plot (RDR). The angular mismatches are evaluated by very few angles in steps of
718 (the only discrete directions in a 3x3 pixel grid). The RDR (probability) densities of Fig. 7
show in particular that FBP and SIRT perform properly perpendicular to the mean direction
(0°, horizontal direction in Fig. 6), while almost no edges are detected in the mean direction.
In contrast, DIRECTT results in similar densities in both directions (isotropy: ratio near 1).
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Fig. 7. Estimated (probability) densities for the rose of directions (RDR) of polygonal tracks extracted from
SIRT (a), FBP (b), and DIRECTT (c) reconstructions of the simulated models for different SNR (20 and 100)
under a missing wedge of 60°. The RDR of the pore boundaries in the original phantoms is plotted as bold line.

Based on such directional evaluation, Fig. 8a displays the density ratios mainly in question at
90° and 0° over different SNR. Accordingly, the L® distance (mean-squared error of the
density estimations) between the reconstructions by the different algorithms and the model
indicates the significantly smaller mismatch of DIRECTT (Fig. 8b) for all SNR examples.

10



1,04 i . A
_ a) s ol
:Q 081 A" -0 SIRT
3 > -@ FBP
o 06] -A- DIRECTT
5 A
% 0,4
& @t ®
o -
Q 02 D--u-:i,-:f"""'"--ﬂ ..... st
o
0,04— : . . '
0,404 ) et ==
e . Fo .- SIRT
U e -@ FBP
0,354 .
: °. -A- DIRECTT
8 e
172} ——
S 0,301 A.. ..__..
gl A,
A..
0,251 —
7
2 40 60 80 100
SNR

Fig. 8. Integral statistical performance of phase boundaries in missing wedge CT reconstructions by SIRT, FBP
and DIRECTT:; (a) ratios of RDR densities at 90° and 0°; (b) L-distances from the original phantoms as a
function of SNR.

6. Conclusion

The application of the DIRECTT algorithm reduces the typical missing wedge artefacts. The
presented strategy to suppress the artefacts by the iterative algorithm is realized by variation
of reconstruction parameters in the course of iterations. The applied version of the
reconstruction procedure combines elements from discrete tomography used to determine the
coarse shape of objects with subsequent (non-discrete) refinements by iterations without mass
restrictions. Thus, more realistic greyscale levels are obtained.

The reconstruction strategy of DIRECTT works with experimental data as well as model
simulations. Visual comparison to filtered back projection reveals the advantages as well as
the inspection of the wedge angle by Fourier magnitude images. It should be emphasized that
the intermediate binary reconstructions are not a general requirement to cope with the missing
wedge problem. However, the binary restriction reduces computing effort (i.e., the number of
iteration cycles) for similar tomogram quality. It may equally be applied to discrete or non-
discrete datasets but finally the suppression of the intermediate discrete levels can be
controlled by histogram analysis.

For further assessment of the reconstruction quality, adapted techniques based on spatial
statistics are applied to a large number of models of randomly distributed circular discs.
Deviations of the RDRs between the extracted boundaries in the phantoms and the various
reconstructions were assessed by the L’-distance of the density functions. The descriptive
statistical results demonstrate the quality of DIRECTT reconstructions with respect to FBP
and SIRT at different noise levels. Other algorithms will be investigated for further
comparisons in future work in correlation to the required computation capacities. The
presented findings do not finally characterize all the potentials of the algorithm and further
efforts are required for faster computation and better understanding of its limitations.
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