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Fig. 1. (a) Geometric quality assurance phantom used in this study, (b) schematic representation of attached wires and ball bearings
at the upper side of the phantom, (c) schematic representation of attached wires and ball bearings at the left side of the phantom.
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Fig. 2. Indices of ball bearings (BBs) presented on an electric
portal image of gantry angle of 315°. Center positions of the
BBs were calculated in image coordinate which was set in u
and v direction.
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Fig. 3. Sample images of (a) digitally reconstructed radiographic image (gantry angle of 0°), (b) KV X;re{y image (kV x-ray source
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Table 1. Actual and Calculated center positions of the indexed ball bearings from digitally reconstructed radiographic images,

electric portal images and kV x-ray images (mm unit).

Actual DRRI* EPI' Kvxit

X VA X YA X VA X V4
1 20 20 219 21.9 21 29 24 24
2 55.0 55.0 54.7 547 55.1 55.6 55.6 55.4
3 0.0 -55.0 0.0 -54.7 0.0 -55.1 0.0 -54.9

y z y z y z y z
4 220 220 219 21.9 224 21.1 21 21
5 55.0 55.0 54.7 54.7 55.6 543 55.4 55.1
6 00 -55.0 0.0 -54.7 0.0 554 0.0 554

*DRRI: digitally reconstructed radiographic image.TEPI: electric portal image. TKVXL: kV x-ray image.

Table 2. The Difference of an averaged center positions of
the indexed ball bearings at upper side (xz) and left side
(yz) planes of the phantom: digitally reconstructed radio-
graphic image (DRRI) vs. actual position, electric portal
image (EPI) vs. DRRI, kV x-ray image (kVXI) vs. DRRI and
kVX| vs. EPI. Every valuation is represented with mean and
standard deviation in millimeter unit.

xz plane (1~3 BBs) yz plane (4~6 BBs)

DRRI* - Actual (-0.13£0.15, —0.03+0.31) (-0.13£0.15, -0.030.31)

EPI' - DRRI  (0.20£0.20, 0.50£0.78) (0.47+0.45, —0.63+0.21)
KVXIT - DRRI (047045, 0.33047) (0.300.36, —0.030.59)
KVXI - EPI (0.27+0.25, -017+0.35) (-0.17+0.15, 0.60+0.53)

reconstructed radiographic image. VEPL: electric

*DRRIL: digitall¥
kVXIL: kV x-ray image.

portal image.
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Table 3. Randomly generated numbers to simulate setup errors for each direction and amounts of couch motion needed for
setup error corrections which are estimated using 2D-2D matching function of the On-board imager application (mm unit).

Setup error (randomized)

Couch motion for correction

Trial
Vertical Longitudinal Lateral Vertical Longitudinal Lateral
1 0 2 3 1 -3 -5
2 4 -2 5 -3 3 =7
3 4 4 0 —4 —4 -1
4 2 1 4 -2 -1 —6
5 3 -1 -4 -3 1 3
6 2 2 5 -2 -3 -7
7 -2 1 -3 3 -2 2
8 -2 -1 -3 3 1 2
9 -2 2 4 3 -2 -6
10 3 3 3 3 2 2
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Fig. 4. Captured screen of 2D-2D
matching procedure provided by
On-Board Imager application.
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Table 4. The discrepancies between a calculated center position of a ball bearing from the reference electric portal image
(EP!) and that from each obtained EPIls after 2D-2D matching procedure through ball bearing indices and series of trials

(image coordinate, mm unit).

Indices of ball bearings

Trial 1 2 3 4 5 6
u v u v u v u v u v u v
1 0.0 -1.6 0.0 2.2 -1.1 -1.9 0.3 22 -0.3 0.8 0.0 0.3
2 03 05 -0.3 0.0 -1.1 03 0.0 0.3 -14 1.6 0.3 1.6
3 14 0.0 0.8 0.0 0.3 0.0 1.3 0.0 05 1.6 11 14
4 08 0.0 0.3 -0.5 -0.5 0.3 0.5 -0.5 0.5 1.6 03 24
5 14 —0.3 05 -05 -0.3 0.3 1.3 0.3 05 14 1.1 08
6 0.8 -1.6 05 -1.6 0.5 -1.9 11 -1.6 0.0 -0.5 0.3 0.0
7 1.6 0.5 11 -14 0.3 -1.1 13 -1.6 0.3 0.3 0.8 0.8
8 1.1 0.3 05 0.3 -0.8 0.0 11 0.3 0.0 14 05 19
9 0.0 -0.3 0.8 -03 -1.6 05 -0.3 -11 0.8 0.8 -0.5 05
10 04 0.3 0.1 04 -1.0 0.1 11 0.1 0.3 05 0.6 20
Mean 0.8 04 0.3 0.7 0.7 0.6 0.8 —0.8 0.2 0.7 04 1.1
STD 0.6 0.7 0.6 0.7 0.5 0.8 0.6 0.8 0.6 1.0 0.5 09

gt ol F F4 7+ e dA A ] F AR a2 d

SAFAA CHA Rtz Fofetr] ofH ¢
A7l A Eolch FARE F7ll elAe 47 F2 F7,
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5o A4S FUY BUE o1 BE Aol B
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Ao a2 2 BAARE 9K gle) FolA Hol
A AAe Zeda ¥ F Uk
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2R o g At Ao Fdulsy AA4RE H&-A]-A—];‘{]E 3}
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Evaluation of Geometric Correspondence of kV X-ray Images, Electric
Portal Images and Digitally Reconstructed Radiographic Images

Kwang-Ho Cheong*T, Kyoung-Joo Kim*, Byung-Chul Cho*, Sei-Kwon Kang*,
Ra-Hyeong Juh*, Hoon-Sik Bae*, Tae-Suk Suh’

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

In this study we estimated a geometric correlation among digitally reconstructed radiographic image
(DRRI), KV x-ray image (kVXI) from the On-Board Imager (OBI) and electric portal image (EPI). To verify
geometric correspondence of DRRI, kVXI and EPl, specially designed phantom with indexed 6 ball
bearings (BBs) were employed. After accurate setup of the phantom on a treatment couch using
orthogonal EPIs, we acquired set of orthogonal kvXls and EPls then compared the absolute positions
of the center of the BBs calculated at each phantom plane for kVXI and EPI respectively. We also
checked matching result for obliquely incident beam (gantry angle of 315°% after 2D-2D matching
provided by OBI application. A reference EPI obtained after initial setup of the phantom was compared
with 10 series of EPIs acquired after each 2D-2D matching. Imaginary setup errors were generated from
-5 mm to 5 mm at each couch motion direction. Calculated positions of all center positions of the
BBs at three different images were agreed with the actual points within a millimeter and each other.
Calculated center positions of the BBs from the reference and obtained EPIs after 2D-2D matching
agreed within a millimeter. We could tentatively conclude that the OBI system was mechanically quite
reliable for image guided radiation therapy (IGRT) purpose.

Key Words: On-Board Imager (OBI), kV X-ray images (kVXI), Electric portal images (EPL), Digitally
reconstructed radiographic images (DRRI)
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