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Fig. 1 Outline of computer assisted learning (CAL)
program that simulates head radiography.
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Fig. 2 Three cross sections for CT image of head
phantom. (a) Transverse, (b) sagittal, (c)
coronal, (d) transverse excluding bed, (e)
sagittal excluding bed, (f) coronal excluding
bed. The bottom row of cross sections cor-
responds to what is denoted as the phan-
tom image elsewhere.
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Fig. 3 Geometry simulating head radiography. Ori-
gin of the coordinate system is positioned at
the center of the imaging table. The focal
spot of the X-ray tube (x,, y., z,) and the
center of the detector (x, y,, z,) are set
along the y axis at —910 mm and 90 mm,
respectively. Arrow “—" denotes unit vector
along the projection line passing through
the phantom image. Summation of unit vec-
tor is equal to the distance / between X-ray
tube (x., y., z,) and detector (x,, yu ZJ).
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Fig. 4 Determination of the distance traveled by X-
ray beam inside voxel. Here, (x, y, z,) de-
notes the coordinates of the intersection of
the X-ray beam with the front plane of the
voxel, and sub_x is the distance of (x, y, z)
to the yz plane, sub_y the distance to the xz
plane, sub_z the distance to the xy plane.
The distance traveled by the X-ray beam in-
side the voxel is assumed to be equal to the
smallest value among sub_x, sub_y, and
sub_z.
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Fig. 5 Sharpening filter.

(a) (b)

Fig. 6 Surface image of head phantom. (a) Lateral
view, (b) vertex view

(a) (b)

Fig. 7 Image of head phantom using parallel beam
projection. (a) Lateral view, (b) vertex view.
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Fig. 8 Graphical user interface (GUI) of CAL pro-
gram. X-ray tube alignment is varied by the
angle of the cranio-caudal direction and of
the horizontal direction. Head phantom view
is selected as either anterior to posterior or
posterior to anterior. The angle of the head
phantom is varied by a horizontal and a ver-
tical angle. The displacement of the head
phantom from the standard position is set
by choosing x, y, and z values.
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Fig. 9 Frontal view of head phantom with anterior
to posterior view. (a) Simulation image, (b)
CR image. Delta suture and postparietal
bone are clearly visible in both the simula-
tion image and the CR image.
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(a) (b)

Fig. 10 Frontal view of head phantom from poste-
rior to anterior. (a) Simulation image, (b)
CR image. Facial bone is clearly visible for
both the simulation image and the CR im-
age.

(d)

Fig. 11 Change in simulation image when X-ray
tube is moved from the standard geometry.
(a) Simulation image when X-ray tube is
moved upward 30° from the xy plane ac-
cording to Towne method, (b) CR image
obtained in the same geometry as (a). (c)
Simulation image when head phantom is
moved upward 90 mm along z direction, (d)
CR image aobtained in the same geometry
as (c).
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Fig. 12 Effect of varying the distance between the
imaging plane and the detector. (a) Simu-
lation image when the distance between
imaging plane and detector is 90 mm, (b)
CR image obtained in the same geometry
as (a). (c) Simulation image when the dis-
tance between imaging plane and detector
is 130 mm, (d) CR image obtained in the
same geometry as (c). As expected, imag-
es are enlarged as the distance from im-
aging plane to detector is increased.
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Fig. 13 Central line of X-ray beam on the skull image of the head phantom as generated by CAL program. The
CAL program draws the central line of the X-ray beam on the surface image of head phantom, as is
usually shown in a textbook for head radiography. Moreover, the CAL program also draws the center-
line on the skull image.
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Development of Computer Assisted Learning Program
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Abstract

We present a computer assisted learning (CAL) program to simulate head radiography. The program
provides cone beam projections of a target volume, simulating three-dimensional computed tomography
(CT) of a head phantom. The generated image is 512 X512 512 pixels with each pixel 0.6 mm on a
side. The imaging geometry, such as X-ray tube orientation and phantom orientation, can be varied. The
graphical user interface (GUI) of the CAL program allows the study of the effects of varying the imaging
geometry; each simulated projection image is shown quickly in an adjoining window. Simulated images
with an assigned geometry were compared with the image obtained using the standard geometry in clini-
cal use. The accuracy of the simulated image was verified through comparison with the image acquired
using radiography of the head phantom, subsequently processed with a computed radiography system
(CR image). Based on correlation coefficient analysis and visual assessment, it was concluded that the
CAL program can satisfactorily simulate the CR image. Therefore, it should be useful for the training of
head radiography.
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