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Fig. 1. A sketch describing image reconstruction in cone-beam
geometry. For the reconstruction of voxel value at r=(x, y, z),
the contribution of projection value at (&, 7) in the planar
detector obtained at the projection angle 4 is illustrated (see
the thick line in the Fig). The projection signal is back-projected
along the line, which is contained in the tilted fan beam.
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Fig. 2. Illustration of the Fourier-slice theorem and
incompleteness of object information in the cone-
beam digital tomosynthesis geometry. Projection data
set in the space domain (a) is mapped into the Fourier
domain (b) in a double-wedge shape.
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Fig. 4. Home-made phantom to measure signal difference-to-
noise ratio and artifact spread function. (a) A photograph of the
manufactured phantom. (b) A sketch describing dimensions of
the phantom.

Fig. 5. LINAC employing a CBCT
system. A pair of an on-board
imager and x-ray source, which is
located in perpendicular to the
treatment-beam direction, is shown
in (a), and signal difference-to-noise
ratio and artifact spread function
are measured with the home-made
acrylic phantom located onto the
couch (b).
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Fig. 6. Measured signal difference-to-noise ratio as a function of
the total number of views N. Solid lines indicate the trends of
SDNR results for the data having the same slice thickness or
the same scan angle, which are dependent on N.
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Optimizing Imaging Conditions in Digital Tomosynthesis for
Image-Guided Radiation Therapy

Hanbean Youn*, Jin Sung Kim", Min Kook Cho*, Sun Young Jang*, William Y. SongT, Ho Kyung Kim*

*School of Mechanical Engineering, Pusan National University, Busan,
TDepartment of Radiation Oncology, Samsung Medical Center, Seoul, Korea,
TDepartment of Radiation Oncology, University of California San Diego, CA, USA

Cone—-beam digital tomosynthesis (CBDT) has greatly been paid attention in the image—guided radiation therapy
because of its attractive advantages such as low patient dose and less motion artifact. Image quality of
tomograms is, however, dependent on the imaging conditions such as the scan angle (8 sen) and the number
of projection views. In this paper, we describe the principle of CBDT based on filtered—backprojection technique
and investigate the optimization of imaging conditions. As a system performance, we have defined the
figure—of-merit with a combination of signal difference—to—noise ratio, artifact spread function and floating—point
operations which determine the computational load of image reconstruction procedures. From the measurements
of disc phantom, which mimics an impulse signal and thus their analyses, it is concluded that the image quality
of tomograms obtained from CBDT is improved as the scan angle is wider than 60 degrees with a larger step

scan angle (4 8). As a rule of thumb, the system performance is dependent on VA%x 5%, . If the exact weighting
factors could be assigned to each image—quality metric, we would find the better quantitative imaging conditions.

Key Words: Image—guided radiation therapy, Tomosynthesis, Filtered backprojection
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