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This study presents a two-laser alignment approach for facilitating the precise alignment of various
imaging and measuring components with respect to the x-ray beam. The first laser constantly
pointed to the output window of the source, in a direction parallel to the path along which the
components are placed. The second laser beam, originating from the opposite direction, was cali-
brated to coincide with the first laser beam. Thus, a visible indicator of the direction of the incident
x-ray beam was established, and the various components could then be aligned conveniently and

accurately with its help. © 2008 American Association of Physicists in Medicine.
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I. INTRODUCTION

The alignment between the radiation source, the subject, and
the measuring and detecting devices is critical in x-ray im-
aging experiments and has been investigated in subject posi-
tioning and portable radiography,l’2 as well as in the mea-
surement of modulation transfer function (MTF),** focal
spot size,™® and X-ray spectra.ﬁ_9 Several techniques for
alignment using lasers and other methods have been devised
and reported in literature, such as the combination of a laser
projector and reflectors to indicate the correct relative posi-
tion between the subject, the detector, and the x-ray
beam, ™ the combination of laser positioning and pinhole
focal-spot radiography to provide precise alignment,4’9 the
use of a single laser that points to the focal spot position to
help the alignment of an x-ray spectrometer,8 and the use of
multi-pinhole plate and telescope-based observation in deter-
mining the collimator position in spectral measurements.” In
this study, a new alignment approach is reported, which dif-
fers from the other methods in that it provides two coincid-
ing laser beams pointing toward and away from the x-ray
source, instead of using only one laser pointing toward the
source. The advantage of this two laser configuration is that
it provides a highly accurate method to form a visible indi-
cator of the incident x-ray from both directions. Thus imag-
ing components such as the pinhole collimators used in the
spectral measurements can be aligned very intuitively and
precisely through the help of the laser beams.

The alignment process is described in detail after a brief
description of the target x-ray imaging systemlo_13 on which
the alignment approach was implemented. In addition, the
adjustment of the coverage of the x-ray beam on the detector
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is also presented, as it is considered a critical part of the
system tuning process because it ensures a relatively uniform
x-ray field on the detector.

Il. MATERIALS AND METHODS
Il.A. Description of the imaging system

The imaging system utilized in this study employs a
micro-focus x-ray source (UltraBright, Oxford Instruments,
CA) and a computed radiography (CR) system (Regius 190,
Konica Minolta, NJ) for image detection. The various imag-
ing and measuring components of the system are mounted on
a supporting optical rail on which their positions can be con-
veniently adjusted.

Standard opto-mechanic components were used to form
the holding structures for the measurement devices, lasers,
detectors, objects, and x-ray tube, due to their ability to pro-
duce flexible, accurate, and reproducible alignment and po-
sitioning for the imaging components. In addition, linear and
rotational stages were also utilized to effectively and pre-
cisely control their horizontal, vertical, and angular
positions.

II.B. The alignment procedure based on two laser
positioning devices

Precise alignment is essential in certain measurements
and imaging tasks, as discussed in Sec. I, although it often
requires arduous efforts and is therefore very time consum-
ing. In order to ease the difficulty and to improve the accu-
racy of the alignment tasks, two laser pointers were used to
establish a visible indicator of the incident x-ray beam. The
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FiG. 1. Schematic of the alignment process.

laser pointers were mounted at opposite ends of the support-
ing rail and positioned to face each other, as shown in Fig. 1.
During the alignment process, the laser facing the x-ray
source, hereafter referred to as Laser-1, was first calibrated to
ensure that the laser beam constantly pointed towards the
output window of the x-ray tube when the position of the
laser was adjusted along the optical rail. This verified that the
laser beam was parallel to the direction along which the
components were positioned, which was the direction of the
supporting optical rail in this study. The beam of Laser-1
thus indicated the position of the x-ray source with respect to
the supporting rail and provided a baseline for the other laser
to be calibrated.

The laser at the opposite end of the rail, hereafter referred
to as Laser-2, was then adjusted so that the beam coincided
exactly with the beam from Laser-1. To verify this, two
transparency films were placed a distance of approximately
20 cm apart within the path of the two laser beams. The
congruence of the laser beams was confirmed when the laser
dots on both sides of each transparency film were overlap-
ping. To provide a numeric measure of the coincidence of the
laser beams, another transparency film bearing a 10
X 10 cm? grid with line spacing of 1 mm was also utilized.
The transparency was fixed to the optical rail by a holder
which could travel along the rail. While moving the transpar-
ency film along the rail, the position of the laser dots on the
grid from both Laser-1 and Laser-2 were recorded individu-
ally and both determined to hold a constant position of
[4.2 mm, 3.5 mm]. This correspondence of the laser posi-
tions thus verified that the laser beams were coinciding and
parallel to the optical rail. Since the direction of the beam
from Laser-2 was the same as that of the x-ray from the
source, it provided an intuitive illustration of the incident
x-ray. This preparation enabled the position of the object,
detectors, and other devices to be aligned easily and accu-
rately with the help of the two laser beams. It should be
noted that although the two lasers employed in this study
both generate red-colored lasers, the use of different colored
lasers (red and green, for example) may make the alignment
even more
convenient.

Although Laser-2 is more convenient to use in the align-
ment process due to the direction of its beam, it must be
removed from the path of the x ray to allow image acquisi-
tion and measurements. Laser-1, which is located at the op-
posite end of the supporting rail from the x-ray source, can
maintain its position during the imaging and measurement
processes, and thus facilitates reestablishing the alignment of
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FiG. 2. The alignment of the collimators and the spectrometer with respect
to the direction of the incident x-ray beam using the two-laser alignment
approach. The beam from Laser-2 is utilized as the visible indicator of the
incident x-ray beam. The pinhole collimators are then aligned concentrically
with respect to each other, as well as the direction of the incident beam.

Laser-2. Verifying that the two laser beams are parallel to the
supporting optical rail is critical for this alignment process,
as the laser beams function as the baseline for mounting and
positioning other imaging and measuring components along
the rail.

Il.C. Laser alignment of collimators in spectral
measurements

In spectral measurements, pinhole collimators are com-
monly used to limit the flux of the incident x ray arriving on
the spectrometers.6‘8’9 In the spectral experiments performed
in this study, a CdTe detector (XR-100T-CdTe, Amptek Inc.,
Bedford, MA) was employed. Although the vendor of the
spectrometer provided a collimator kit and detailed the
implementation of a two-pinhole-collimator approach8 to aid
the collimation process, the precise alignment of the collima-
tors and input window of the CdTe detector with respect to
the direction of the incident beam remains a difficult task.
This is due to the fact that the pinhole collimators must be
aligned concentrically with respect to each other, as well as
the direction of the incident beam, in order to reduce the
beam filtration resulting from the collimation. Using our
two-laser alignment approach, this problem could be ad-
equately solved. When the coinciding laser beam from both
Laser-1 and Laser-2 is established as described in Sec. II B,
the laser from Laser-2 could be utilized as a visible substitute
for the incident x-ray beam in the spectral measurements.
Thus when the laser from Laser-2 results in the brightest and
roundest dot on the plane of the spectrometer’s input window
after passing through the collimators, a good alignment is
achieved. On the other hand, if the collimators were mis-
aligned, no laser dot could be observed (see Fig. 2 for more
details).

II.D. Adjustment of the x-ray beam coverage

In addition to aligning various components with respect to
the x-ray source, it is necessary to adjust the placement of the
x-ray source with respect to the detector position in order to
ensure a relatively uniform x-ray field on the detector, which
could help to reduce the background trends and/or artifacts in
acquired images. The prototype system employs a free-
standing source that features an output window that is
aligned at an angle with respect to the electron beam, the
design of which has been reported to be helpful for produc-
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ing a rounded micro focal spot. However, this design also
introduces challenges into the alignment process. The angle
between the x-ray tube and the supporting rail must be care-
fully adjusted in order to obtain relatively uniform beam cov-
erage on the detectors, due to nonuniformities in the output
x-ray field, such as the anode heel effect.

A series of images was acquired at different source to
image distances (SIDs) for the adjustment of the tube angle.
An initial image was acquired at an SID of 12 in. (=30 cm)
to illustrate the shape of the entire x-ray field, which is de-
termined by the intrinsic collimation of the micro-focus
x-ray source. From this image, a portion of the entire field
with uniform pixel values was selected to be shifted to the
center of the detector and aligned directly with respect to the
pixel array by adjusting the tube. Through this process the
detector could be covered by this uniform portion of the field
at larger SIDs. During the adjustment, several images at a
larger SID (91 cm) were acquired to guide the adjustment of
the x-ray tube to achieve a uniform x-ray field. Then images
taken at even larger SIDs (122, 127, and 132 c¢cm) were ob-
tained to further guide the tube adjustment and to determine
the threshold SID, beyond which the entire detector (24 in.
by 30 in.) is guaranteed to be covered by the uniform x-ray
field. This threshold was determined to be 132 cm in our
study and was thus utilized in our experiments to ensure a
uniform x-ray field.

lll. RESULTS

The accurate alignment of the tungsten pinhole collima-
tors used in the x-ray spectral measurements (2 mm thick,
with diameter of 100 and 200 wm, “Collimation Kit,”
Amptek Inc., Bedford, MA) was verified through the use of
x-ray images. The collimators were aligned with respect to
the incident x-ray beam, separated by a 36 mm long brass
collimator spacer with an aperture of 5 mm diameter, as
shown in Fig. 2. Two images of the pinhole collimators were
obtained with magnification of approximately 5, at 20 kV,
2 mA, and 400 s. With a good alignment, the pinhole x-ray
image obtained was a rounded dot; as the angle of the colli-
mators (Fig. 2) was tilted 0.1 deg away from the good posi-
tion, the pinhole dot shrank and its shape was blurred; as the
angle was tilted further (greater than 0.3 deg), the dot disap-
peared.

To further illustrate the advantage of using the two laser
alignment approach, an example application of spectral mea-
surements is provided. X-ray spectra were measured at
40 kV, 0.5 mA, 400 s with a Mo-Be target-window combi-
nation. The placement of the spectrometer and collimators is
shown in Fig. 2, and the distance from the source to the
spectrometer was approximately 6 ft (183 cm).

The influence of misalignment of the pinhole collimators
can be observed through the photon rate received by the
spectrometer, as well as the shape of the resultant spectra.
With the collimators in good alignment with respect to the
incident x-ray beam, the photon rate measured by the spec-
trometer was 1030 photon/s. However, with a misalignment
of approximately 0.1, 0.2, and 0.3 deg away from the good
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FiG. 3. X-ray spectrum measured with a CdTe detector at a good alignment
position of the two tungsten collimator disks compared separately with the
spectrum obtained with a collimator position 0.1 (a), 0.2 (b), and 0.3 (c) deg
tilted away from the good alignment position, respectively. The spectra were
measured at 40 kV with a Mo-Be target-window combination.

alignment position, the photon rate reduced to 947, 222, and
103 photon/s, respectively. This is illustrated in Fig. 3,
which compares the good alignment spectrum separately
with each degree of misalignment. As the tilt angle was in-
creased, the magnitude and shape of the spectrum obtained
with misalignment gradually deviated from that acquired
with good alignment. The difference in the magnitude is due
to the decreasing photon rates in the spectral measurements,
and the difference in the shape of the spectra is probably
caused by the beam filtration from the collimators, which
blocked and filtered the primary x-ray beam rather than only
allowing a limited portion of photons in the primary beam to
pass through their apertures.

Profiles on both x direction (the short side of the image)
and y direction (the long side of the image) of the x-ray field
after the adjustment of the tube are shown in Fig. 4. The
image was taken at 40 kV, 0.5 mA, and 12 s, with an SID of
52 in. (132 cm), which was the threshold SID beyond which
the entire detector could be covered by the uniform x-ray
field, as mentioned in Sec. I D. The profiles were measured
as the mean of 1000 rows on the x direction and 1000 col-
umns on the y direction at the center of the image. The maxi-
mum and minimum value of the measured profile on x direc-
tion are 2581 and 2608, respectively; the maximum and
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FiG. 4. Profile of the x-ray field on the detector after the adjustment of the
placement of x-ray tube. The image was taken at 40 kV, 0.5 mA, 12 s and
with SID of 52 in. (132 cm).
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FI1G. 5. Schematic of a device for applying the proposed alignment approach
in a clinical setting.

minimum value of the profile on y direction are 2589 and
2607, respectively.

IV. DISCUSSIONS AND CONCLUSION

This paper reports a convenient two-laser alignment ap-
proach by which the positioning of the imaging and measur-
ing components with respect to the x-ray beam can be easily
achieved. The first laser was positioned a distance from the
source with its beam adjusted to constantly point towards the
output window of the x-ray tube and parallel to the direction
along which the components are placed. Then the second
laser was calibrated to ensure that its beam coincided with
the beam from the first laser. After that, a visible indicator of
the direction of the x-ray beam was established and the im-
aging components could thus be aligned conveniently and
accurately. One of the advantages of the proposed alignment
approach was illustrated in x-ray spectral measurements in
which the pinhole collimators and the spectrometer could be
conveniently and precisely aligned with respect to the direc-
tion of incident x-ray beam based on the laser beam.

The proposed alignment approach could also be adapted
to clinical settings under which the x-ray tube beam exit
window is not visible, although this would introduce some
additional steps for our alignment approach to be applied to
clinical systems. For example, as indicated by the
literature,*’ pinhole focal-spot radiography could be used to
determine the position of the focal spot, and the pinhole
placed in front of the tube could thus be used as an indicator
of the focal spot position. In addition, the optical rail and
opto-mechanic components may not be applicable in a clini-
cal setting, although they play an important role as the base
for accurate and reproducible alignment in this experimental
environment. However, the idea of this precise two-laser
alignment approach would still apply in such settings. For
example, a device as shown in Fig. 5 could be constructed
and utilized, which consists of a supporting plane that is
perpendicular to the first laser beam and a supporting arm for
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moving the second laser. The arm would permit the laser to
swing back and forth from the alignment position where the
two beams are coinciding to an alternate location allowing
Laser-1 to point to the focal spot position. For most clinical
systems, the x-ray beam is designed so that the central x-ray
is perpendicular to the detector, thus the device in Fig. 5
would provide an acceptable means for precise alignment
utilizing the coincident laser beams.

In conclusion, the reported alignment process is suitable
for facilitating accurate image acquisition and measurement,
as it provides a precise and simple method for ensuring the
alignment of various components with respect to the direc-
tion of incident x-ray beam.
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