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1. Introduction

In terms of operating principles, X-ray imaging
detectors can be categorized energy-integrating detectors
(EIDs) and photon-counting detectors (PCDs). The
ability of PCDs to detect individual X-ray photons with
precise energy discrimination offers significant
advantages over conventional EIDs [1]. In addition,
PCDs exhibit superior spatial resolution compared with
EIDs, primarily due to smaller charge diffusion in
semiconductors than light spreading in scintillators.

However, PCDs suffer from a limited field of view
(FOV), mainly because of the restricted size of
application-specific integrated circuits (ASICs). The
FOV is further constrained by the limited dimensions of
sensor materials, caused by electrical nonuniformity
across crystal grains and the challenges of delicate bump-
bonding/flip-chip technology for coupling sensors with
ASICs as size increases. Although multiple PCD mosaics
can be used to enlarge the FOV, implementing such
configurations is technically demanding

While PCDs have been successfully adopted in
computed tomography (CT), their application in large-
area planer imaging, such as radiography and full-body
CT, remains challenging, To mitigate this limitation,
helical or spiral acquisition trajectories have been
adopted in the medical field [2 Kishore2022, 3
Shikhjaliev2005].

In this work, we employ PCDs for helical CT and
emphasize the necessity of geometric calibration, since
even small mechanical misalignments can lead to severe
geometric artifacts in reconstructed images. Following
the framework of Zhang et al. [4], we will segment the
helical acquisition path and acquire calibration phantom
projections at multiple section points. The projection
geometry parameters will then be determined using
Noo’s analytic method [5]. By interpolating the
geometry along the helical trajectory, accurate system
geometry can be estimated and subsequently applied to
the helical reconstruction algorithm, thereby minimizing
artifacts. This approach enables reliable large-volume
imaging with PCDs, despite their limited detector size.

2. Methods and Materials

Virtual detector ¢ 1

Real detector -~

/u Rotation

axis ™
N1

Fig. 1. Illustration of geometric misalignments in a CT
system, including the X-ray source, rotation stage, and
detector.
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Fig. 2. Case of a helical CT system in which the translation
axis is tilted relative to the rotation axis, leading to a shift
in the effective origin Oy, with height.

2.1 Geometric misalignment

In a CT system, geometric artifacts arise from
misalignments among the X-ray source, the rotation
stage, and the detector, as illustrated in Fig. 1. These
misalignments can be described by the parameters D, R,
P, n, ¢, and 6, which respectively represent: the shortest
distance between the focal spot and the detector; the
distance between the focal spot and the rotation stage; the
coordinates of the orthogonal projection of the focal spot
onto the detector plane; the angle between the detector’s
vertical axis (v) and the projection of the rotation axis;
the angle between the rotation stage’s y-axis and the
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detector’s horizontal axis (#); and the angle between the
rotation stage’s z-axis and the detector’s vertical axis (v).
These parameters can be estimated using a specially
designed calibration phantom, typically consisting of
precision-manufactured spheres (balls) arranged with
known distances between them [5,6].

The calibration based on these parameters is valid in a
general CT system. However, in a helical CT system,
some parameters vary along the direction orthogonal to
the rotation axis. Fig. 2 shows the case where the
translation axis differs from the rotation axis (z-axis).
Due to the tilt of the translation axis, the origin Oy
changes as the stage translates; at each given height, the
corresponding origin is denoted as Op,. Consequently, in
a helical trajectory the parameters that depend on height
are R and ¢, and the parameters at each specific height
are defined R, and ¢,.

2.2 Parameter estimation

Using Noo’s method, the parameters at a specific
height can be estimated. Moreover, even if the position
of the rotation axis changes, the vertical coordinate of @,
the intersection point between FO, and the detector
plane, remains unchanged.

At a given vertical position T;, ¢, can be calculated
from the trajectory of a calibration sphere obtained
through a circular scan, using Noo’s method. Then, the
horizontal detector coordinate Ugr, of Qr, can be

derived from the following equation:

uQTi = u, — D tan ¢Ti’ ()
For an arbitrary vertical position h, Ug, can be
estimated through linear interpolation as expressed
below. Although u,, is inherently a nonlinear function
of h, if the spacing of T is chosen such that the
interpolation error remains below one pixel, no artifacts
appear in the calibration images [4].
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The corresponding ¢, can then be computed from the
following relation:

Ug, = uQTi — D tan ¢y, 3)
As illustrated in Fig. 3, let the ascending direction
vector of the motion stage be denoted as 7, with its
components along the x, y, and z axes expressed as n,,

n,, and ng, respectively:

n, = sina cos f, 4

n, =sinasinf, (5

Fig. 3. Definition of the ascending direction vector 7 of the
motion stage and its components (n4, n,, n3) along the x,
y, and z axes.

nsg =cosa, 6)

The components of 7 can then be derived using the
following relations:

_ N2 [
RTi_,,l = \/(RTi - n1Tle+1) + (T, Ti41)%, (7)

RTH_l COS(¢Ti - ¢Ti+1) = RTi - nl ’TLTL+13 (8)

Finally, Ry, at an arbitrary height h can be calculated as:

2
B = | (Rr, = mah)’ + (nah2. ©)
2.3 Photon-counting detector

The PCD to be used in this study is a commercial XC-
TDI200 (Direct Conversion AB, Sweden). The detector
consists of eight small modules, each configured with
64 x 256 pixels at a pitch of 0.1 mm, resulting in a total
active field of view (FOV) of approximately 6.4 X
205 mm (64 x 2048 pixels). The sensor material is
cadmium telluride with a thickness of 2 mm, optimized
for X-ray detection in the diagnostic and industrial
energy ranges.

The PCD is equipped with an anti-coincidence (AC)
option, which mitigates charge-sharing artifacts by
reallocating charges dispersed across neighboring pixels
to the pixel with the highest collected charge. With the
AC option enabled, the detector provides improved
reliability in X-ray photon counting, although the
maximum count rate becomes limited. Without the AC
option, charge sharing can introduce distortions, but the
count rate capability extends up to 5 X 108 mm=2 - s71,
as specified by the manufacturer.

Although this PCD has not yet been applied to helical
CT calibration experiments, the planned experiments
will explore its potential for accurate geometric
calibration in large-volume imaging despite its limited
active area.

3. Preliminary Results
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Fig. 4. Simulation results demonstrating the occurrence
and suppression of misalignment artifacts in helical CT
reconstruction. (a) 3D Shepp—Logan phantom used in the
simulation. (b) Axial slice at z= 100 mm without
calibration, showing strong misalignment artifacts. (c)
Reconstruction using parameters estimated only at z =
0mm , reducing but not ecliminating artifacts. (d)
Reconstruction with height-dependent calibration via
interpolation, effectively removing misalignment artifacts.

Fig. 4 illustrates representative artifacts that can arise
during helical CT reconstruction and their suppression
depending on the applied calibration strategy.

Fig. 4(a) shows the 3D Shepp-Logan phantom used in
the simulation, with physical dimensions of 10, 10, and
60 mm along the x, y, and z axes, respectively. A total
helical scan was performed over a length of 200 mm,
with the source-to-detector distance set to 1400 mm, The
initial geometric parameters were chosen as R, =
150 mm, n = 1°, 6 = 0°, ¢, = 1°, and tilt angles a =
2°, B = 2°. Reconstruction was performed using the
Feldkamp-Davis-Kress (FDK) algorithm in all cases.

Fig. 4(b) presents a reconstructed axial slice at z =
100 mm without any calibration. Strong geometric
misalignment artifacts are clearly visible, including
double-edge contours that degrade image quality.

Fig. 4(c) shows a reconstruction in which calibration
parameters estimated at z = 0 mm using Noo’s method
were applied. Compared with Fig. 4(b), the misalignment
artifacts are reduced, although residual artifacts remain
due to the height-dependent variation of system
geometry in helical scanning.

Finally, Fig. 4(d) demonstrates a reconstruction of
where parameters were estimated every 50 mm along the
vertical direction (from z=0 to z =200 mm ) and
interpolated across the helical trajectory. In this case, the
misalignment artifacts are effectively eliminated,
yielding a visually clean reconstruction. This result
emphasizes the necessity of height-dependent calibration
in helical CT to ensure geometric artifacts-free
volumetric imaging.

4. Conclusion and Future study
In this work, we investigated the impact of geometric

misalignment in helical CT systems. Through simulation
studies, we confirmed that even small deviations in

system geometry can introduce severe misalignment
artifacts in reconstructed images. We demonstrated that
applying calibration parameters obtained from a single
axial plane reduces artifacts to some extent, but residual
distortions remain due to height-dependent variations in
system geometry. By interpolating calibration
parameters across multiple vertical positions, artifacts
were effectively eliminated, highlighting the necessity of
height-dependent calibration for reliable volumetric
reconstruction in helical CT.

Future work will focus on experimental validation
using a commercial PCD. Although calibration
experiments with PCDs have not yet been performed, we
plan to implement the proposed calibration framework in
a real helical CT system. This will allow us to assess the
robustness of the interpolation-based calibration strategy
under realistic imaging conditions, and to evaluate the
potential of PCDs for high-resolution, artifact-free large-
volume imaging.
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