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I.Preprocessing (2.3)

‘ DICOM data of a portal image l ‘ DICOM data of a DRR image ’

. B ) y

‘ Conversion to floating-point data }
| b

Adjustment of portal and DRR images matrix size ’

II. Registration (2.4)

\ Correction of magnification ratio  (2.4.1) ‘

|

‘ Deletion of scale points

Deletion of scale points
(242) | and the radiation field line (2.4.4)

‘ Deletion of the radiation field

(2.4.3) | j

&

‘ Adjustment of portal and DRR images magnification ratio (2.4.5) |
3 |

’ Registration using template matching and error detection (2.4.6) I
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Fig. 2 Arrangement to obtain a portal image using the CR cassette system. Magnification ratio depends on the

distance between the target and cassette.
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Fig. 3 (a) Measurement of pixels per 20cm in a pointer scale portal image. (b) Linear relationship of pixels per
20 cm and the distance between target and cassette.

Fig. 4 (a) Pointer scale. (b) Portal image with a pointer scale; ROI of 512x512 was set after Laplacian filter pro-
cessing. (c) Portal image whose radiation field center was matched to the image center. (d) Qriginal portal
image. (e) Portal image for which ROI of 512512 was set after Laplacian filter processing. (f) Portal image
without scale paints.
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the radiation field
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the radiation field  radiation field edge
Fig. 5 (a) Deletion of the radiation field by replacing the pixel value with the pixel value outside the radiation field.

(b) Portal image without the radiation field.
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Fig. 6 (a) Criginal DRR image. (b) Extracted scale points and radiation field line obtained by binary image pro-
cessing. (c) DRR image without scale points and the radiation field line. (d) DRR image was enlarged to
the same size as the portal image.
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Table 1 Errors of image registration for translation and rotation as evaluated in a computer simulation

study.
Translation and rotation Calculated Error
Ng X y (7] x ¥ e X ¥ 0
(mm) (mm) (deg) (mm) (mm) (deg) (mm) (mm) (deg)

1 9.60 11.48 —14.98 8.11 14.03 —15.28 1.49 ~2/55 0.30
2 8.33 11.69 —6.98 8.10 11.99 -7.27 0.23 —0.30 0.29
3 0.84 4.32 14.54 3.12 3.91 14.24 —2.28 0.41 0.30
4 —9.66 —5.45 —14.36 -7.49 —8.56 —14.49 -2.17 311 0.13
5 —3.58 —9.56 4.56 —-2.91 —11.45 3.87 -0.67 1.89 0.69
6 —10.76 -2.19 —12.12 -9.47 —5.09 —12.42 -1.29 2.90 0.30
7 —4.44 —-9.27 -17.72 —1.64 —10.53 —8.13 —2.80 1.26 0.41
8 =317 9.48 —14.73 —4.54 8.77 —15.03 1.37 0.71 0.30
9 11.05 —7.84 —6.11 13.31 —7.20 —6.41 -2.26 —0.64 0.30
10 8.37 11.25 0.47 9.59 11.04 0.17 -1.22 0.21 0.30
1 12.84 10.31 —2.70 13.65 10.97 =3.00 -0.81 —0.66 0.30
12 -3.12 341 —9.15 —2.48 297 —9.45 —0.64 0.64 0.30
13 11.93 —4.54 8.96 12.63 —4.98 8.66 -0.70 0.44 0.30
14 —-7.02 8.42 2.20 —5.60 8.56 1.90 —1.42 —=0.14 0.30
15 6.45 14.36 8.03 7.37 13.21 7.73 -0.92 1.15 0.30
16 7.05 —35.40 1.89 5.80 —5.37 2.38 1.25 —0.03 -0.49
17 —10.83 —13.40 5.30 —12.81 —12.21 5.00 1.98 -1.19 0.30
18 —3.80 0.08 2.08 —2.56 —0.62 1.51 —1.24 0.70 0.57
19 1.36 0.51 6.04 2.63 -0.30 5.77 ~1,27 0.81 0.27
20 —2.32 0.24 —14.16 —-1.30 —0.80 —14.45 —1.02 1.04 0.29
E 1.35 1.04 0.34
SD 0.64 0.88 0.12

Table 2 Errors of image registration for translation and rotation as evaluated in an experimental study.

Translation and rotation Calculated Error

No X ¥ 6 X y Z} x ¥y e
(mm) (mm) (deg) (mm) (mm) (deg) (mm) (mm) (deg)
| 0.0 0.0 0.0 1.1 —-04 0.0 —1.1 0.4 —0.3
2 1.0 -2.0 0.0 1.6 -1.6 0.0 -0.6 —0.4 -0.4
3 —-10.0 —4.0 0.0 =17 —-4.6 0.0 —-2.3 0.6 —1.2
4 3.0 —6.0 0.0 3.2 -5.9 0.0 —-0.2 —=0.1 —-0.2
5 -2.0 —-8.0 0.0 0.0 -7.9 0.0 -2.0 —0.1 0.3
6 3.0 7.0 0.0 35 6.5 0.0 —=0.5 0.5 0.0
7 5.0 1.0 0.0 5.5 1.3 0.0 —0.5 —-0.3 0.0
8 —6.0 7.0 0.0 -4.9 7.4 0.0 =4.1 -0.4 -0.3
9 3.0 -2.0 0.0 4.6 -13 0.0 -1.6 -0.7 0.0
10 1.0 9.0 0.0 238 10.2 0.0 —1.8 —-1.2 -0.3
E 1.2 0.5 0.3
sSD 0.7 0.3 0.3

Fo HELAETBEEICHLT, SillEhixn 0.3°THh o7,

HOBBROFEEBREL, 1270.7TmmTH-7. ¥
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Abstract

In this article, the authors propose an image registration program of portal images and digitally recon-
structed radiography (DRR) images used as simulation images for external beam radiation therapy planning.
First, the center of the radiation field in a portal image taken using a computed radiograhy cassette is matched
to the center of the portal image. Then scale points projected on a DRR image and the portal image are
deleted, and the portal image with the radiation field is extracted. Registration of the DRR and portal images
is performed using mutual information as the registration criterion. It was found that the absolute displace-
ment misregistrations in two directions (x, y) were 1.2+0.7mm and 0.5+0.3 mm, respectively, and rotation
disagreement about the z axis 0.3+0.3°. It was concluded the proposed method was applicable to image regis-
tration of portal and DRR images in radiation therapy.
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