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1. OBl CAPO| HAIE HAlQ| +3E 4y

OBI CAPol] HAlH Ax= Fig. 13 7o) AlzAd|A A
ZH FAZAA Folg ASuiAd] T (isocenter cube tool,
ICT)¢} XA #elsh(X-ray checking plate, XCP)yE o] &3}l
Ao g ICTY & AAL ¥ =7} HASA (water equivalent
plastic)24] #|Holle AApAe] MAA glon YISl
AL 2 mme] & wo]do] Fof girt. XCPoll= FAlol F
Mol A3t 7 & ko 1 em ZHF o7 A7t A E o
Szl Aal W% A8l HAFES oF 2.5 mm, S5 9]
Age oF 5 mmel} XCPE R A7) A4S 50

cemol] & 74 Aol o] £ HEAFL 47 15 mm
¢} 3 mmr} H} o] 5% o] &8 CAPAY o] W&
okt et

) ICTE 7494 $loll £ 3 A8 o5l FAH

Aol AR =L ZE 0 G 90° (i 2707004
AR AR B WNAES Foza A%

U—']}ﬂ,,] /Uo] ;‘(] g]x4z/q;€]!°ﬂ %2_5}5% '6“1‘1:]-
) AE719 ANE AAG F XCPE AEA A 7

Aol urZo] g o7 Hateic).
3) B g 0°Z & F A&7 AAE FH (verti-
cal), Z2(longitudinal), <+¥4 (lateral) W}k o 2 77+ —50 cm,
0 cm, 0 cmZ 231}
4y OBI L2 1eA oA HA FA4 55 (pulsed fluoro
image mode)E A4 S5 F A4 Wl 7o Ao
XCPA AAA FAo 91T wi7hA AE719] $IXE =

Fig. 1. Setup for an experiment using method 1. kV x-ray OBI
source is located at the left side in this picture while uncovered
a-Si detector is placed at the opposite position (right side). A
X-ray checking plate (XCP) was attached on the detector surface
for a measurement and an isocenter cube tool (ICP) was laid on
the couch at the therapeutic isocenter position.
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Fig. 2. Measurement of offset position of ball bearing (BB) which was located at the center of a isocenter cube tool (ICT). Distance
between known cross-hair position of the x-ray checking plate (XCP) image and contour of the BB were determined using OBI
application. Central position of the ball could be evaluated based on the distances. Diameter of the BB was 2 mm and radii of inner
and outer circle on the image were 1.5 mm and 3 mm respectively.
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Table 1. Approximately estimated time for measurement (mins).

ICT/IVT setting* XCP attaching

+

Picture-taking Post processingT Calculation

3

Method 1
Method 2
Method 3
Method 4

U G v N

2 - 5
2 5

20 5
5 - 215

* includes time to take portal images for accurate isocenter alignment of the tool for method 2~4. ICT and IVT stand for the

isocenter cube tool and isocenter verification tool respectively, T
saving time. CBCT preparation and image reconstruction time was also included for method 4,

time but excludes file copying time.
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Table 2. Change of radius of isocenter migration using
method 1 (mm unit).

At installation time After 1 year

OBI source

angle Xaxis . Y axis X axis Y axis
0° -07 T04 -09 05
90° -11 0.2 -05 0.3
180° -05 0 0.8 0
270° -03 04 05 0.2
Maximal 0.82 177
distance
Radi f
adius o 041 0.89
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Table 3. Comparison of calculated radius of isocenter migration (maximal difference in each method) using four

different methods. For method 1,

radius of isocenter migration was considered half of a maximal distance among

four points. For method 2~4, the center of the ball bearing (BB) was located at the isocenter of a radiation
therapy machine, thus it was assumed that maximal difference was considered as a distance from the center of

a BB image to the center of a image (mm unit).

OBI source angle 1

OBI source angle 2

Radius of
X axis Y axis X axis Y axis isocenter migration
Method 1 0° 180°
-09 05 08 0 0.89
Method 2 90° _
0.37 0.00 0.37
Method 3 130° _
0.39 0.19 0.44
Method 4 150° -
026 031 040

Table 4. Derived coefficients of two types of function to fit computed points for method 3. For 5th order

polynomial function, P(8)=ap+a;- f+az- #%+as -

0%ay-

8% as- 6° where P(8) is predicted offset values with

OB| source angle x along X and Y axis while P(#)=by sin(bs4+bz) for sin function.

5th order polynomial function

Sin function

X axis Y axis X axis Y axis
a9 —65111x107" —1.3454 %1077 bo 0.0341 0.0263
a 6.0278x10~° 1.9479%x10~° by 0.1715 0.1744
@ —1.8216x107° —9.0765x1077 b, —0.4347 -1.715
a3 1.7864 x107* 1.4980%107*
W —5.1890x107* —46126x10°°
s -1.1109x 1072 —2.3863%x10""
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A7t oA A ¢ A¥eA 1A= A T HS 4t
H AR FE b B 7)ol A 2] CAP Aol 10X 10 cm’
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AE e ol EReng AA FA st HA e S
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24 Aol AA 2AE XCPE o] &3lAY 29 o] o]
UES %As] x4 et ek ol OBVl A2 A
A== 7)Bol| A o] CAPIIAE & slof & AFY Zlo|c).
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OBI 499 9x1& AL el dzke] Hole UA
T 90~150° Wolell A 247} 714 ZAl MAGE Ao
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Fig. 3. Fitted offset variation plots using sin (solid line) and 5th order polynomial (dashed line) function with computed offset
position (circles) for method 3. (a) X axis, (b) Y axis.
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Fig. 4. Fitted offset variation plot (solid line) with computed offset position (circles) using 5th order polynomial for method 3. (a)
X axis, (b) Y axis. Dashed lines stand for 95% prediction bands. Correlation coefficients (r) were also presented.
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Fig. 5. Fitted offset variation plot (solid line) with computed offset position (circles) using 5th order polynomial for method 4. (a)
X axis, (b) Y axis. Dashed lines stand for 95% prediction bands. Correlation coefficients (r) were also presented.
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Fig. 6. Comparison of fitted offset variation plots with computed offset position using 5th order polynomial between method 3 and

4. (a) X axis, (b) Y axis.
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Development of Quality Assurance Program for the On-board Imager
Isocenter Accuracy with Gantry Rotation

Kwang-Ho Cheong**, Byung-Chul Cho*, Sei-Kwon Kang*,
Kyoung-Joo Kim*, Hoon-Sik Bae*, Tae-Suk Suh'

*Department of Radiation Oncology, Hallym University College of Medicine,
TDepartment of Biomedical Engineering, College of Medicine, The Catholic University of Korea

Positional accuracy of the on-board imager (OBI) isocenter with gantry rotation was presented in this paper.
Three different type of automatic evaluation methods of discrepancies between therapeutic and OBl isocenter
using digital image processing techniques as well as a procedure stated in the customer acceptance
procedure (CAP) were applied 1o check OB isocenter migration trends. Two kinds of kV x-ray image set
obtained at OBl source angle of 0° 90°, 180°, 270° and every 10° and raw projection data for cone-beam
CT reconstruction were used for each evaluation method. Efficiencies of the methods were also estimated.
If a user needs to obtain an isocenter variation map with full gantry rotation, a method taking OB image for
every 10° and fitting with 5th order polynomial was appropriate. However for a mere quality assurance (QA)
purpose of OBI isocenter accuracy, it was adequate to use only four OBl images taken at the OBI source
angle of 0° 90° 180° and 270°. Maximal discrepancy was 0.44 mm which was observed between the OBI
source angle of 90° and 180°. OBI isocenter accuracy was maintained below 0.6 mm for a year. Proposed
QA program may be helpful to implement a reasonable routine QA of the OBI isocenter accuracy without
great efforts.

Key Words: On-board imager (OBI), Isocenter, Linac, Gantry rotation
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