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Fig. 1. Digitally reconstructed radio-
graph (DRR) image quality vari-
ation for different CT slice thick-
ness. DRRs were generated by use
of the Pinnacle3 for various re-
gions of humanoid phantom. (a)
head: 1 mm, (b} head: 2 mm, (c)
head: 3 mm, (d) chest: 1 mm, (e)
chest: 3 mm, (f) chest: 5 mm, (g)

pelvis: 5 mm.
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Fig. 2. Digitally reconstructed radio-
graph (DRR) image quality varia-
tion for different CT slice thick-
ness. DRRs were generated by
use of the Pinnacle3 for pelvic
region of a prostate cancer pa-
tient. (a) anterior-posterior (AP): 1
mm, (b) AP: 3 mm, (c) AP: 5 mm,
(d) lateral (Lat): 1 mm, (e) Lat: 3
mm, (f) Lat: 5 mm.

Fig. 3. Digitally reconstructed radio-
graph (DRR) image quality varia-
tion for different CT slice thick-
ness. DRRs were generated by use
of the Eclipse for pelvic region of
a prostate cancer patient. (a) ante-
rior-posterior (AP): 1 mm, (b) AP:
3 mm, {c) AP: 5 mm, (d) lateral
(Lat): 1 mm, (¢) Lat: 3 mm, (f)
Lat: 5 mm.
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Fig. 4. Pixel value (gray level) profiles of digitally reconstructed radiographs (DRRs) from the Pinnacle3 of anterior-posterior view.
(a) Horizontal axis, (b) Vertical axis. The pixel value depth was 12 bits and magnitudes of the DRR image profile intensities were
almost same. Profile broadening was obvious in vertical direction for the DRR made of 5 mm slice thickness computed

tomographic image.
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Fig. 5. Pixel value (gray level) profiles of digitally reconstructed radiographs {DRRs) from the Eclipse of anterior-posterior view. (a)
Horizontal axis, (b) Vertical axis. It showd quite high contrast than DRRs from the Pinnacle3.

Table 1. The accuracy test result of the 2D-2D matching for various DRR image condition. The values are in
milli-meter unit, and imply that treatment couch should be moved amount of these values in each direction to

correct setup error.

Pinnacle3

Eclipse

CT slice thickness

CT slice thickness

Actual
error 1 mm 2 mm 3 mm 1 mm 2 mm 3 mm
Head Vert 2 3 3 2 2 2 3
Long 2 2 2 2 2 2 1
Lat 2 1 1 1 1 0 0
CT slice thickness CT slice thickness
Actual
error 1 mm 3 mm 5 mm 1 mm 3 mm 5 mm
Chest Vert 2 2 2 2 2 2 2
Long 2 1 2 1 2 1 1
Lat 2 2 1 2 2 1 2
Pelvis Vert 2 1 2 3 2 2 1
Long 2 2 2 3 1 2 1
Lat 2 2 1 2 2 1 1
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Table 2. Elapsed times to complete the 2D-2D matching (unit : seconds).

Pinnacle3

Eclipse

CT slice thickness

CT slice thickness

1 mm 2 mm 3 mm 1 mm 2 mm 3 mm
Head 59 65 67 49 63 65
CT slice thickness CT slice thickness
1 mm 3 mm 5 mm 1 mm 3 mm 5 mm
Chest 72 77 75 73 72 76
Pelvis 63 68 66 62 69 70

— 73 —



&% 2 50 :DRR & HO| 20-2D A& HEzo OlXes

fou

U &Y

4. OBl kV XM o] 52 MOR9| 0|18 7I=d

249 4 ?J—"— F§H o7 87 YA OBI kV XA o
Aol FA QA Folof sl=d] o]+ #F Z71(kVp, mAs,

ms S)oll a2} de}A7] wBol B HejMz HH o)

Y FAE & 7 Yv 20¢ ZE Fw Yk £
ool A= OBIo|A] 7+ Role 7EHos AAs e
AEatglon] AA dGNAE 712 AALE ol &tz
1= Flg 2 A gzle FuHEE OBIE o] £3)0]

#odgl og4to|rl. A E(anterior-posterior, AP) 342 i
X F Y E(single standard)d]/ﬂ 120 kVp, 80 mAs, 40 ms2]
oz Hoglo] FHEHor £ A4 F4S HoF
AR Z (lateral) "“b] Solle Y EFEEEAA
100 kVp, 80 mAs, 120 msZ & o}o,,iz] 57} ol
Al ol XA4eo]l U &

i

{

RPN e B o

T

gis

wlo v 9
v ‘l‘—"‘

Tr‘_S‘.:m

OBl image pixel profile (horizontal)
1.60E+04

1.55E+04 1
1.50E+04
1.45E+04 1
1.40E+04

Pixel value

1.35E+04 1
1.30E+04
1.25E+04

1.20E+04 T T T T T T T T T
0

Pixel position

100 200 300 400 500 600 700 800 900 1,000

24
2 Al Gaolth o F& F49) 94 A7l 9
39 208 Felopia BIAIAT T ALE Foloh

Fig. 7 Fig. 6a9] 23194 vbeliicl. a8 of|A] =3

9] shazk WeE 2x10° Llo] Ak OBl kV XA <d4tol
44| E9] WEZS LA AA Shazke] BEI} g
2 1.35%10° o]4fo]7] miioll AR oz AFEo| 7
obAAl Holek ol 249 AdE FHE of A4 FA
o] Ytz ol mIXA| X3lA st=Z OBI kV XA
Aol F2 MAde] st slojok 31Ack. et YutH
ek Q49 MV XA 4ol vl of U d4
HojFug 32 Alg] €le gt F49 44
kv oz e} X4 Aol o Felethn &)
Fig. 82 A&t X 8& 98] Z= ulAES 49 o

K

o o o of

AL

XNy
ol

¢ ale e

o

rob

3hate] FHMEE kV XA 6MV XAog zZht 3
Ade YeEriE

9 E4 0 FE vhAY KV XA el

Fig. 6. kV x-ray images of pelvic
region of a prostate cancer pa-
tient obtained using on-board im-
ager which is attached into the
linear accelerator. (a) Anterior-pos-
terior view, (b) Lateral view. Even
though the image quality of a lat-
eral view was much worse due
to large radiological length, bones
(sacrum, ilium and femoral head
and femur) were seen clearly.

b Pixel profile (vertical)
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Fig. 7. Pixel value (gray level) profiles of on-board images of anterior-posterior view. (a) Horizontal axis, (b) Vertical axis. Although
the pixel value depth was approximately 14 bits, pixel values were clustered around 1.4x10* and it may cause declining of image

quality.
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Fig. 8. Comparison of a kV x-ray
image from the on-board imager
(OBI) with MV x-ray image from
the electric portal imaging device
(EPID) for a pelvic region of a
prostate cancer patient. Bony struc-
tures and seeds inside the pros-
tate were shown more clearly in
kV X-ray image. (a) kV x-ray image,
anterior-posterior (AP) view, (b)
kV x-ray image, lateral (Lat) view,
(c) 6MV x-ray image, anterior-pos-
terior (AP) view, (b) 6MV x-ray
image, lateral (Lat) view.
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Analysis of Uncertainties due to Digitally Reconstructed
Radiographic (DRR) Image Quality in 2D-2D Matching between
DRRs and kV X-ray Images from the On-Board Imager (OBI)

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

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

" We evaluated the accuracy of a patient setup error correction due to reference image quality for a 2D-2D
matching process. Digitally reconstructed radiographs (DRRs) generated by use of the Pinnacle3 and the
Eclipse for various regions of a humanoid phantom and a patient for different CT slice thickness were
employed as a reference images and kV X-ray images from the On-Board Imager were registered to the
reference DRRs. In comparison of the DRRs and profiles, DRR image quality was getting worse with an
increase of CT image slice thickness. However there were only slight differences of setup errors evaluation
between matching results for good and poor reference DRRs. Although DRR image quality did not strongly
affect to the 2D-2D matching accuracy, there are still potential errors for matching procedure, therefore we
recommend that DRR images are needed to be generated with less than 3mm slice thickness for 20-2D

matching.

Key Words: Computed tomography (CT), Digitally reconstructed radiographs (DRR), 2D-2D matching,

On-board imager (OBI)
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