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Fig. 1. Sample collimator star-shot image used to verify the
accuracy of the Star-shot Analyzer program.
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Fig. 2. A binary image of star-pat-
tern (a) without and (b) with image
dilation and erosion.
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Fig. 3. Central ray was determined by the radius of the circle r
and the angle & between the x-axis and the line normal to cen-
tral ray. xo and yo are x-intercept and y-intercept respectively.
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Fig. 4. The graphic-user interface (GUI) of our in-house pro-
gram Star-shot Analyzer for radiation isocenter measurements.
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Table 1. The differences between the true values and measured values of the x-intercepts (xo) and y-intercepts (yo) of the
central rays. Average values and standard deviations (StD) of the differences are in the table. The measurements were made

by the program Star-shot Analyzer. (unit: mm)
Diameter (2r)
Angle (0) 0.5 mm 1.0 mm 1.5 mm 20 mm 2.5 mm
X0 Yo Xo Yo X0 Yo X0 o Xo o
10° —0.003 —0.016 0.001 0.006 0.010 0.072 —0.008 —0.019 0.001 —0.012
40° 0.003 —0.015 0.002 0.047 —0.023 —0.001 —0.003 —0.014 0.007 —0.019
100° 0.045 —0.008 0.007 —0.004 0.033 —0.005 —0.014 0.002 0.074 —0.012
145° 0.043 0.000 0.001 0.000 0.052 —0.016 0.035 —0.011 —0.008 —0.016
235° 0.052 0.020 0.005 0.003 0.084 0.040 0.007 0.004 —0.008 —0.020
310° —0.041 0.017 —0.084 0.039 0.007 0.013 0.033 —0.035 —0.034 0.000
Average 0.017 0.000 —0.012 0.015 0.027 0.017 0.008 —0.012 0.005 —0.013
StD 0.036 0.016 0.036 0.022 0.038 0.033 0.021 0.015 0.037 0.007

- 135 -



o 2 720 HEIEED| SA SAE2 30| FF 2 N2 Clinac 21EX A&IIEI(9] HAK S4F

Table 2. Radiation isocenter size of the collimator and couch
star-shot images. The measurements were made ten times
by Star-shot Analyzer program for each diameter. The aver-
ages and standard deviations (StD) of the measured values
are given in the table. (unit: mm)

Collimator Star-shot Couch Star-shot

Diameter
(2r) Average StD  Error Average StD Error
05 0.553 0.013  0.053 0.515 0.011  0.015
1.0 1.012 0.010 0.012 1.000 0.024  0.000
15 1.532 0.021 0.032 1.495 0.017 —0.005
2.0 2.001 0.016  0.001 2.011 0.023  0.011
25 2513 0.015 0.013 2.534 0.020 0.034
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Fig. 6. (a) Schematic diagram of
asymmetric jaw-opening. x; and x;
indicate jaw size in x-direction.
Radiation isocenter is on the white
line. Black line is along the center
of x-jaw-opening. ¢ is the
distance between black and white
lines. (b) Schematic diagram of the
star-shot image when jaw-opening
is asymmetric. Radiation isocenter
is on the white line. Black lines
indicates  central  rays.  The
radiation isocenter seems to have a
@ finite size (dotted circle), although
the actual size is zero.

Table 3. Radiation isocenter size of Clinac 21EX. The measurements were made using X-OMAT™ V films from June 2008 to
August 2009 and GAFCHROMIC® RTQA films from January 2010 to December 2010 except June 2010. The minimum,

maximum, averages and standard deviations (StD) of the measured values are given in the table. (unit: mm)

Minimum Maximum Average StD

Collimator X-OMAT 0.074 1.146 0.350 0.325
GAFCHROMIC 0.091 0.605 0.307 0.168

Gantry X-OMAT 0.071 1.783 0.712 0.385
GAFCHROMIC 0.337 1.587 0.698 0.351

Couch X-OMAT 0.123 0.914 0.507 0.206
GAFCHROMIC 0.301 0.636 0.482 0.091
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Development of a Method to Measure the Radiation Isocenter
Size of Linear Accelerators and Quantitative Analysis of the
Radiation Isocenter Size for Clinac 21EX Linear Accelerator

Hosang Jeon*, Jiho Nam*, Dahl Park™ T, Yong Ho Kim ™,
Wontaek Kim®, Dongwon Kim®, Yongkan Ki', Donghyun Kim T

*Department of Radiation Oncology, Pusan National University Yangsan Hospital, Yangsan, TDepartment
of Radiation Oncology, TMedical Research Institute, Pusan National University Hospital,
§Department of Radiation Oncology, Pusan National University School of Medicine, Busan, Korea

A method to get a size of the radiation isocenter of linear accelerators using star—shot images was presented
and a computer program was developed to automate the method. Accuracy of the method was verified. The
developed program was used to measure sizes of the radiation isocenters for a Clinac 21EX (Varian, USA) using
data of quality assurance (QA) performed from June 2008 to December 2010. To calculated the size of radiation
isocenter, positions of two points on each central ray of the star—shot image were found and the equation of
the central ray was determined using the positions of two points. Using the equations of central rays the radius
of the minimum circle intersecting all the central rays, which is one half of the size of radiation isocenter, was
calculated. The program measured x—intercepts and y—intercepts of the central rays within errors of 0.084 mm
and sizes of radiation isocenters within 0.053 mm. All the errors were less than the spatial resolution of star—shot
images 0.085 mm. The radiation isocenter sizes of Clinac 21EX were 0.33%0.27 mm, 0.71£0.36 mm,
0.50£0.16 mm for collimator, gantry and couch respectively. During the measurement period all the measured
sizes were less than 2.0 mm and within tolerance. The developed program could calculate the size of radiation
isocenters and it would be helpful to routine QA.

Key Words: Radiation isocenter, Quality assurance, Linear accelerator
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