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Fig. 1. Schematicdiagram of dou-
ble scattering method for proton
beam therapy. Proton beam has
the uniform spread-out Bragg-
peak (SOBP) depth covering tar-
get depth after two scatterers
and range modulator. The com-
pensator constructs the three-
dimensional dose distribution
according to tumor shape.
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e BAA SdE ASE Pold 5 mme] HAE
7HA e 2 HAAE AZeh 1199 Aol oigk 24k
Aol FA} 249 AEE 712 ASCH HY-& AF3to] of
AAeE B3l AA AFH BAgA}e] vlad oz
A3 skt o] wf Ascll FHdellE 5 mme] 73 E 1A
=do] neisloiglA] ¢holA 5 mm =719 Y filterE A
gote] AgAEE Fd ANH LR 5 mme) =& =77}
ZHE N2 B4 Rokg FAsch 2A4AY 7]
EAHQ ASCH HAE 31U HAabAof] tizl &4 13t
Aol E, HEo|F, HA spacing, 3)% 2 FHFol sl
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Fig. 2. (a) Compensator for
proton therapy is consists of
PMMA material to generate 3
dimensional tumor shape by mill-
ing machine. (b) Current QA
system using modified digital
calipers, needle were used. The
QA method is depth measure-
ment at several positions of a
compensator with depth infor-
mation of radiation therapy plan
system (Eclipse 8.1).

g

Fig. 3. Digital imaging patient setup (DIPS) system is consists of
kilo voltage X-ray system (Varian A277 X-ray Tube) inside the
proton beam gantry and flat panel detector system (Varian
PAXSCAN 4030R). The compensator is inserted in a frame of
the snout with block and x-ray compensator image (XCI) was
representedon the flat panel detector system.

2. HiztEl "HaAe dakst

Az dewae B3 AFE 24AE A x4
e Zdsldedl, °lRAL FAAXEA ALHE
DIPS (Digital Image Patient Setup) AlA81-& AH&3sl9dch A
2% XA FHEVarian A277 (Focal spot sizes: 0.6~1 mm,
Target angle: 7 mm, 100 kV, 120 mAs)o]™ A-&3 2319
447% 7] Varian flat panels PAXSCAN 4030Ro|u}. I
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Fig. 4. Image processing procedure of x-ray compensator image
(XCI) and comparison with plan compensator image (PCI). (a)
Acquired 16Bit X-ray image from Varian VIVA software. There
are random noise and line pattern noise due to array pattern of
detector which is a unit for the signal acquisition process. (b)
Background signal was caiculated and the average of
background noise was subtracted from the image in A. (c) Final
X-ray compensator image was cropped in B by manual
selection. The boundary between each area step was blurred
due to X-ray scattering effect. (d) Plan compensator image (PCI)
was generated from ASCII file transferred from Eclipse
machine. The pixel value of all region had discrete depth
information of compensator file and the boundary of each area
was more clear than XCI of (c).
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Fig. 5. Graphic user interface (GUI) of proposed QA method.
The PCI was shown in the left top axis and the XCI was
displayed in the left bottom axis. In the largest main axis, PCl
and XCI were compared with image processing tools such as
rescaling and x, y movement. The XCI was used as the basis of
evaluation and the program modified the size and position of
PCI based on the edge information.
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image before optimization of two compensators. (¢) and (d)
Final result of optimization. The yellow line is boundary of XCI
and each background image is PCIL
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Table 1. The statistical data between plan compensator image (PCl) and x-ray compensator image (XCl) of 11 cases after

optimization using image processing.

Optimization
Matched points Total points Results (%)
Scaling X shift Y shift
1 1.01 0 0 43,981 53,886 81.62
2 1.01 0 0 54,772 67,837 80.74
3 1.02 0 0 40,130 48,225 83.21
4 1.05 4 1 36,579 46,054 7943
5 1 5 0 62,927 66,914 94.04
6 1 -1 0 61,391 70,096 87.58
7 1.02 2 0 25,362 31,315 80.99
8 1.02 0 0 25,528 31,155 81.94
9 1.06 0 0 32,176 38,670 83.21
10 1.01 0 0 33,743 40,925 8245
11 1.01 0 0 41,597 50,604 82.20
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Image Based Quality Assurance of Range Compensator for
Proton Beam Therapy

Jin-Sung Kim, Myonggeun Yoon, Dongwook Kim, Young Kyung Lim, Jungwon Kwak, Soah Park,
Dong Ho Shin, Jungwook Shin, Se Byeong Lee, Sung Yong Park, Kwan Ho Cho

Proton Therapy Center, National Cancer Center

The main benefit of proton therapy over photon beam radiotherapy is the absence of exit dose, which offers
the opportunity for highly conformal dose distributions to target volume while simultaneously irradiating less normal
tissue. For proton beam therapy two patient specific beam modifying devices are used. The aperture is used
to shape the transverse extension of the proton beam to the shape of the tumor target and a patient—specific
compensator attached to the block aperture when required and used to modify the beam range as required by
the treatment plan for the patient. A block of range shifting material, shaped on one face in such a way that
the distal end of the proton field in the patient takes the shape of the distal end of the target volume. The
mechanical quality assurance of range compensator is an essential procedure to confirm the 3 dimensional
patient—specific dose distributions. We proposed a new quality assurance method for range compensator based
on image processing using X-ray tube of proton therapy treatment room. The depth information, boundaries
of each depth of plan compensatorfile and x-ray image of compensator were analyzed and presented over 80%
matching results with proposed QA program.

Key Words: Proton therapy, Range compensator, Quality assurance, Image processing
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