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Specifications of x—ray source and large area flat—panel detector

X—ray source
Varian A277 X-ray tube

flat—panel detector
flat panels PAXSCAN 4030E

Tube voltage 40—-150 kvp Type a—Si + DRZ Plus
Tube current 1-500 mAs Pixel pitch 127 ym
Target W Array 2,304 x 3,200

Focal spot size 0.6—1.0 mm Limit Resolution 3.94 Ip/mm

Target angle 7 degree AD conversion 14 bits
Inherent filter 0.7 mmAl @ 75 kVp Frame rate 3-7 fps
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Fig. 2. The DIPS(Digital Imaging Patient Setup) imaging sys—
tem for proton therapy
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Table 2. Result of Sample image analysis

difference direction X Y
shift valu (degree) |shift value (cm) (cm)
0.5 0.027 1 0.0013 | 0.0005
-0.5 0.006 -1 0.0008 | 0.0021
1 0.023 10 0.0008 | 0.0013
-1 0.027 -10 0.0008 | 0.0015
10 0.003
-10 0.025

7831 10, —10° ©]sAlell= 0,003, 0.025°2] QAHE LiE}
At
X, y= 1 cm¥} -1 cmytE 27} o547l & JAPgH
< 319 W= Y] @ak= xgh 0.0013, 0.0008
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cm‘ﬁ. O] EAIAL W xZES 0.0008, 0.0008 cm, YAk
0.0013, 0.0015 cm®] 225 RSItHTable 2).
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Table 3. Result of proton patient initial setup analysis

irection| X Y 4 Rotation Pitch
(em) | (em) | (cm) | (degree) | (degree)
case 1 0.05 0.06 0.02 0.28 0.16
case 2 0.05 0.04 0.05 0.14 0.26
case 3 0.05 0.06 0.07 0.21 0.12
case 4 0.07 0.02 0.07 0.13 0.28
min 0.05 0.02 0.02 0.13 0.13
max 0.07 0.06 0.07 0.28 0.28
average 0.06 0.04 0.05 0.19 0.21
0.053 cm®] Z}olE HRAt} Angle®] 799 Rotation

o] Set up LA} FH& 4 0,133, | 0.277, B+ 0.190°
= Yepdom, Pitch?] Set up LA+ 4 0,125,
o) 0.279, Hat 0.206°] Zto]7} YRt tH(Table 3).

2) Registration codeE £¢t YMXt X|22| Mty

kO] Isocenter?} Z|A x}o] 7+ 0.019, | 0.141, H
0062 cm O = YePgor yReEe 24 0,041, 2
0.15, 8=t 0.085 cm Ato] ghe HlOow, 233k 24
0.035, 9} 0.13, <t 0.074 cm 2.2 FA} 1379] DIPS
2} DRR7FS] H4t Set up distance Z}0]= 0,12 cm ©JUj]
9] eAE XYk Angle®] 9o+ Rotation?] set up
QAL #|42 0.048, F) 0.265, B+t 0.171°5 LR
™, Pitch®] set up @AgE> 2|4 0,081, 2|t 0.34, Bt
0.174°%] 2}olE Y tH(Table 4, Fig, 7, 8).
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el DIPS program 2= Rand markE w}7]slo] A}

=t A4 2 A2 9] 914 shE Bhalgel glolAl 71 Set
A} 13 HOe = HFA O R Set upS R & & up O] A ATkl B Ak SR A mE
@2t DIPS?} DRRE Matlab code® wjAgt Avf xiF  slalx} o A5 W35,
Table 4. Result of Proton Patient Final Setup Analysis
direction X Y z Difference 3D Rotation Pitch
(cm) (cm) (cm) elEiEles (degree) (degree)
(cm)
case 1 0.07 0.07 0.13 0.16 0.19 0.11
case 2 0.07 0.12 0.04 0.14 0.07 0.15
case 3 0.03 0.01 0.06 0.09 0.19 0.17
case 4 0.06 0.10 0.08 0.08 0.26 0.26
case 5 0.03 0.05 0.03 0.08 0.20 0.19
case 6 0.14 0.15 0.04 0.14 0.15 0.17
case 7 0.05 0.06 0.10 0.12 0.19 0.18
case 8 0.02 0.06 0.04 0.09 0.05 0.10
case 9 0.05 0.12 0.08 0.17 0.19 0.18
case 10 0.04 0.08 0.08 0.13 0.11 0.15
case 11 0.07 0.04 0.08 0.11 0.15 0.08
case 12 0.09 0.09 0.09 0.15 0.20 0.34
case 13 0.07 0.05 0.08 0.1 0.25 0.18
min 0.02 0.04 0.03 0.08 0.05 0.08
max 0.14 0.15 0.13 0.17 0.26 0.34
average 0.06 0.08 0.07 0.12 0.17 0.17
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Automated patient set-up using intensity based
image registration in proton therapy

Department of Proton Therapy Center, National Cancer Center

Jang Hoon, Kim Ho Sik, Choe Seung Oh, Kim Eun Suk, Jeong Jong Hyi, Ahn Sang Hee

Purpose : Proton Therapy using Bragg-peak, because it has distinct characteristics in providing maximum dos-
age for tumor and minimal dosage for normal tissue, a medical imaging system that can quantify changes in
patient position or treatment area is of paramount importance to the treatment of protons. The purpose of this
research is to evaluate the usefulness of the algorithm by comparing the image matching through the set-up
and in-house code through the existing dips program by producing a Matlab-based in-house registration code to
determine the error value between dips and DRR to evaluate the accuracy of the existing treatment.

Materials and Methods : Thirteen patients with brain tumors and head and neck cancer who received proton
therapy were included in this study and used the DIPS Program System (Version 2.4.3, IBA, Belgium] for image
comparison and the Eclipse Proton Planning System (Version 13.7, Varian, USA) for patient treatment planning.
For Validation of the Registration method, a test image was artificially rotated and moved to match the existing
image, and the initial set up image of DIPS program of existing set up process was image-matched with plan
DRR, and the error value was obtained, and the usefulness of the algorithm was evaluated.

Results : When the test image was moved 0.5, 1, and 10 cm in the left and right directions, the average error
was 0.018 cm. When the test image was rotated counterclockwise by 1 and 10°, the error was 0.0011°. When the
initial images of four patients were imaged, the mean error was 0.056, 0.044, and 0.053 cm in the order of x, v,
and z, and 0.190 and 0.206° in the order of rotation and pitch. When the final images of 13 patients were imaged,
the mean differences were 0.062, 0.085, and 0.074 cm in the order of x, y, and z, and 0.120 cm as the vector value.
Rotation and pitch were 0.171 and 0.174°, respectively.

Conclusion : The Matlab-based In-house Registration code produced through this study showed accurate Im-
age matching based on Intensity as well as the simple image as well as anatomical structure. Also, the Set-up
error through the DIPS program of the existing treatment method showed a very slight difference, confirming
the accuracy of the proton therapy. Future development of additional programs and future Intensity-based Mat-
lab In-house code research will be necessary for future clinical applications.

»Keyword : Proton therapy, Matlab, Image Registration, DIPS, DRR
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