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Abstract: Large pitch was used to speed up scanning inataane-beam CT, but its reconstruction
remains a challenging problem. The Single-Slice iReiBg method (SSRB), proposed by Noo et al,
can obtain high image quality at large pitch, buifacts appear when pitch is too large for given
detector. In this paper, a new approximate recoastm scheme, i.e. Improved Single-Slice
ReBinning method (ISSRB) is described. It modiftbé key rebinning step of SSRB. Theoretical
considerations and reconstruction of simulatior @aé presented in comparison to SSRB in the paper.
Results show that the pitch of proposed method-isaffd) times larger than that of SSRB for given
detector size, and the reconstruction image quialitpmparable or even better.
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In 1990s, helical CT was introduced to achieve éigholume coverade?. Then it
combined with two-dimensional (2D) detector withnéeBeam (CB) collimation of x-ray source,
known as helical CB tomography. This approach eees the throughput of objects, and image
quality is also improved.

But image reconstruction for cone-beam projectiawsiuired along helical path is a
particularly challenging problem. At first, 86and 1®° linear interpolation methods were used as
starting points for spiral CT reconstruction andrttextended to helical cone-beamC'r The
extended methods, however, had serious image ypatiblem due to discontinuous changeovers
and existence of cone angle. In 1984, a 3D reaaritdn algorithm was given by Feldkamp et
al® for circular circle and then generalized to mooemplex path such as héfix This was
regarded as a mile stone in cone-beam reconstnudti® approximate but suitable for larger cone
angle and short object. Meanwhile, exact algorithvese proposed, but most of them are based
on computing the Radon transform for a plane détexthby the spiral path of the souféd
Though accurate, exact algorithms are computatipirdensive and require considerable amount
of memory. Practically, approximate algorithms eaasier to implement and computationally less
demanding although producing artifacts. They areenefficient and preferable for technique
utilization.
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The Single-Slice ReBinning algorithm (SSRB), putwfard by Noo et al 1999, was a
typical approximate helical cone-beam reconstractioethod. It first rebins the cone-beam
ray-sum to fan-beam projection data to a definedigl and then is performed using 2D fan-beam
Filtered BackProjection (FBP). The reconstructimage quality was said to be surprisingly good,
even when the pitch of the helix is lafyeVlarc KachelrieR et al and others proposed Advanced
SSRB algorithm (ASSR) to cope with large cone-beand pitch by tilted or nutated
reconstruction plaf®™ but it needs interpolation to reformat from restouction coordinates to
cartesian coordinates after reconstructed.

In this paper, we present an improved single-stebinning algorithm. Results from
simulation data show that the algorithm suits #mgér pitch for given detector size and holds
comparable or even better reconstruction qualdén tBSRB does.

1 Theory and algorithm development

1.1 Scanner geometry

To simplify the exposition, the-axis will be referred to as the vertical directidine source
to z-axis distance iR, the pitch of the helix i®, and the distance between source and detector is
D. The Field Of View (FOV) is an imaginary cylindef
radiusr, centered on theaxis. (see fig.1)

The locus of the source is described in a cyliradric
coordinate systemR( h(f), f). p is the projection angle.
h(f) denotes the vertical distance from the sourcéhéo
reference horizontal plane where the scan stavtée:n g ,
increases by the source moves vertically upwards by ! |:
distanceP. ‘

We employps(a, b) to represent the CB projection at - T
projection angles, anda, b refer to detector locations with < - \"\”\g/ﬁﬁzﬁce Y
the b-axis parallel to the-axis and origin is the middle
point of detector.

Fig.1 Scanner geometry

1.2 Rebinning of SSRB algorithm

As most 2D approaches for 3D reconstruction, SS&B/erts the CB data set to a stack of
fan-beam sinogrampfo(ﬁ,a) by rebinning, wherez, is vertical position the plane to be
reconstructed and superscripstands for fan-beam. Each sinogram is regardguiggections on
one defined horizontal planey) of the FOV. Once the fan beam sinogram is obthine
reconstruction is performed using 2D FBP. For SSRi#, rebinning step only involves the
vertical direction, each view of projection is esited from a single oblique (CB) ray-sum
passing through the nearest CB source locatiorhénsame projection angle and the middle
point(M)of the intersection of the fan-line withetlROV®.. As illustrated in fig.2(a8} and 2(b).
Mathematically, the rebinning equation is:
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L (B,2)= Py (&b beogs m (1)
_ a2 + D2 _ a2 + D2
Where b(z,8,) =22 =22 = (2 = h(B) v

And thenpfo (B,a) is filtered and backprojected:

Byt R’ Ja’+D?
Ll ¥ 2=, Ry s g e A AMI@ B ()

It can be concluded that, in SSRB, for giveslice zy and projection anglg, the points (M)
that the CB ray-sum passed are on an arc passimggththe virtual fan-beam point(S) and center
of FOV(O) with radiuskR. The pZF0 (B,a) is rebinned from different coordinatewhena differs.

As the fig.2(a, c) illustrated.

con¢ beam source

Fig.2 (a) Rebinning of SSRB, (b) Rebinning of ISSRB, Efmhrbeam ray is estimated by the
value of a CB ray emitted by a source directly &wawbelow the virtual fan source. (c) The
locus of the points that the selected CB ray pafisesigh the reconstruction plane. In
SSRB, the CB ray passes through the middle poiof Me intersection of the fan-line with
the ROI, but in ISSRB, the selected CB ray passesigh the point (M’) of the intersection
of fan-line and line passing through the centdROf and parallel ta-axis

1.3 Rebinning of | SSRB algorithm

The ISSRB rebinning step only involves verticalediion as well, but each fan-beam
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ray-sum is estimated from the oblique (CB) ray-qassing through point M’, the intersection of
the fan-line and the line passing through centdR©f and parallel ta-axis. As the fig.2 (b) and
(c) show:

Mathematically, the reconstruction is the samecaston (1) and (3), but

b(z:2,6) = 2 A2 = 2 (7 ~h(A)) @)

For given projection anglg, whena differs, the row coordinate maintains unchanged. This is
the main difference with SSRB.

For a full scan reconstruction, the rebinning ne€Bsprojections in 2 segment. If we set
the z-slice in the center point of the segment, the maxn distance between CB source and
virtual fan beam source &z=0.5P. So the short-scan technique of 2D fan-beam toapgr with
Parker's normalization scheHf is used in this paper. Then, the maximum distdeteeen a
virtual fan-source and its approximating CB souecgiven byAz=0.5P(n+ 20)/2n. This further

phantom
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Fig.3 Slice z= -0.25 of the 3D Shepp phantom (a) recood by SSRB (b) and ISSRB (c) with
normalized pitch=5, left Grayscale[1.0-1.04]. (den@al horizontal profiles of the
reconstructions with SSRB and ISSRB

d)
_ > = | .-"al [ [ { A by

i--155R8

185 150 195 200 205 210 215 220 225 230 235 240 245 250 255 200

Fig.4 Slice x=0 of the 3D Disk phantom (a) reconstrudgdSSRB (b) and ISSRB (c) with

normalized pitch=5, Grayscale[0-1.0]. (d) Vertipabfiles at left side of the reconstructions
with SSRB and ISSRB

reduces the detector size required at large pitch.
2 Simulation and Results

In the simulation, the radiuR of helical path was 600 mm. The detector was 1 00Caway
from the CB source. Each slice of detector had &k ina direction with spacing of 3 mm and
10 rows inb direction with spacing of 5 mm. 180 projections weerformed per 2 rotation.
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Reconstructions were carried out on a grid of 4000 voxels of size 1 mm. In projection, line
integrals connecting sources point and the middientpof detector pixels were calculated
analytically. The beam hardening, scattering anberoteffects are out of consideration.
Reconstructions from simulation data are perfornmed two phantoms: the Shepp-Logan
phantom(rotated for®) and the disk phantom (disk radius equals to 40Driimis is similar to
the phantom used in [9].

In order to compare the image quality that can ddeeaved by SSRB and ISSRB, first, the
simulation and reconstruction were performed withnmalized pitcA* equals to 5, that is, the
distance moved is 15 mm per rotation. Second, tiod Biwas set to be 45 mm. For the given 2D
detector, some of CB ray-sum required for rebinforgSSRB are out of the detector, and this
undoubtedly will degrade the reconstruction imagality, as will be discussed in the part 4. The
results are shown in the fig.3, 4 and 5.

3 Discussion

This paper describes an improvement of the SSRBrighgn. The modification makes
ISSRB approach more suitable for larger pitch fieeg detector and holds comparable, or even
better reconstruction quality than SSRB does. M@ssits in several improvements as follows.

3.1 Larger pitch for given detector size

In computed tomography, the coverage is of greppbmance, and this is largely determined
by detector size and pitch in helical cone-beam Qe pitch of SSRB for short-scan
reconstruction is limited by the axial extent,gof the area detectdk The relation is as bellow:

2h R 2n

< 9
D(l+tarf d)n+29 ®)
Whered = arcsin(/R) and24 is called the full fan-angle.
For ISSRB, the relation changes to:
P< DR 2n (10)
D n+20

Comparing Eq.(9) and (10), we can conclude that,af@iven detector size(axial extent
2bmay), the maximumP of ISSRB is about (1+taf) times larger than that of SSRB. This
increases the scan speed and coverage in axietidireor for a given pitch, the detector required
is smaller. This is particularly significant fomg and large object scanning, for exampter/4.

3.2 Comparable or better image quality

Image quality between SSRB and ISSRB is not leditllesmall pitch. Both algorithms can
adequately reconstruct image with high qualityFas3 and 4 illustrated. This is because Aze
in equation (2) and (4) is small and the differeatb is not significant. But when pitch is large,
ISSRB yields more uniform image than SSRB doesudghoboth have artifacts. It can be
saw(Fig.5) that there exists significant intensitgp at the edge of region by SSRB, which result
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from the lack of reconstruction data.
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Fig.5 Slice z=0 of the 3D Shepp-Logan phantom reconsidubly SSRB (a) and ISSRB (b)
with normalized pitch=15, Grayscale[0.96-1.06]. @gntral horizontal profiles of the
reconstructions with SSRB and ISSRB. Slice x=thef3D Disk phantom reconstructed
by SSRB (d) and ISSRB (e) with normalized pitch=@6ayscale[0-1.0]. (f) Vertical
profiles at left side of the reconstructions withRB and ISSRB

4 Conclusion

The reconstruction of cone-beam projections acduii¢h a helical vertex path is of primary
importance for developments of computerized tomolgya In this paper, we described and
implemented an improvement of single-slice rebigratgorithm of helical cone-beam CT. Such
an improvement involves in the step of rebinninige Thajor advantage of the proposed algorithm
is that it satisfies larger pitch for given detectize and enlarges the coverage of helical
cone-beam CT. Meanwhile, theoretical and numeritatlies demonstrate that the improved
algorithm maintains the comparable or better inggaity than SSRB does.
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