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Fig 1. Digitized simulator image

Fig 2. Digitized portal image
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Portal Image, P(i, j)
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Roberts gradient Operator, Pg(i, j)

Calculate the average pixel value
of PR(i9 J)’ l)R_avg

g

If Pg(i, j) >Pg ,y,, calculate
the average pixel value of P(i, j),
Threshold

g

Make binary image using Threshold

g

Boundary tracing

Fig 3. Flow chart of portal field boundary detection
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Fig 5. Field boundaries in polar coordinates. Solid line
is boundary of original simulation image and dashed
line is boundary of rotated simulation image by 5°
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Table 1. Matching results on computer simulation image

Simulation Image Resuits of Detection
Act}lal Act}lal Act}Jal Actl'lal £ £,
Image sh}ft Sh‘lft rotaflon scaling (pixel) | (pixel) ] S
fx(pixel) | fy(pixel) 0 S
1 0 0 0 1 0 -1 0 1.006
2 5 5 0 1 55 35 0 1.004
3 10 15 0 1 105 145 0 1.000
4 20 20 0 1 205 195 0 1.000
5 30 40 0 1 305 395 0 1.004
6 0 0 i i 1 1 1 1.005
7 0 0 2 1 i 2 1.005
8 0 0 4 1 1 1 4 1.004
9 0 0 8 1 1 1 9 1.009
10 0 0 0 0.85 0 -2 0 0.847
11 0 0 0 1.2 05 -15 0 1.196
12 5 5 1 0.9 35 40 1 0.909
13 15 10 2 1 145 11 2 1.005
14 20 15 4 0.9 17 135 3 0.920
15 20 20 6 1.15 19 24 6 113
16 10 30 4 1.15 7 33 4 1.122

AlEddoly "=7Ad Xd "=AHA 9 centroid
AEE 47zt 78 F centroidd X, Y HE AolS
geolFo g Aislgd.

432 ZeEs|™

XZd HPFT =3 centroidE2HE YE=AA-d
o2& AEol olF+ & g8y, o] AR A
42 o#tez AU 4z WIAAZNY 2@Q)

< H2E e d=E HAG4xz AU A8]

E(¢) = zl | 01(0) — dxpy(8+¢) |  (4)

field boundary 1 : p; = p,(6)
field boundary 2 : oy = 04(0)
d= (Al/Az)l/z y Al,Ag . field size
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o] Fol A 1.375+0939 YA, 0.232+0.159mm=Z A4t
HAoh A oM E 0.125+0342° 9 2AE,
2ADAME 07860791 % o 2xE e
2 ZugFol vy Y oz AsdAC.
AE ¥gGAe B d3sEL HLd FAAES
Table 2.91 YeElAA X @3gFo g 202+0.74mm,
Y W&oz 172+£263mme °olF x5 YeERRA
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Table 2. Matching results on phantom portal image

Ol™oll, Mej4, 212, ol T: A =0ot3 (Landmark)E Ol &% WA X & XM A0l Yo ZTEHH Aol

Portal image Results of detection
actgal actpal actgal SFD actgal £ £,
Image shift shift rotat:lon (em) scaling (mm) | (mm) 0 S
fx(mm) | fy(mm) 0 S
1 0 0 0 130 1 2.34 3.96 1 0.99
2 2 2 0 130 1 4.14 1.98 1 0.992
3 6 6 0 130 1 81 36 1 0.996
4 12 12 0 130 1 15.66 10.8 0 0.987
5 0 0 2 130 1 1.06 1.13 2 1.00
6 0 0 4 130 1 1.16 2.88 4 0.994
7 0 0 8 130 1 1.62 2.88 8 0.996
8 0 0 0 117 0.9 1.98 1.44 0 0.904
9 2 2 1 117 09 36 0.45 1 0.90
10 6 6 2 130 1 8.46 3.78 2 1.00
11 6 6 4 117 09 7.92 6.66 5 0.907
12 12 12 8 117 0.9 1422 | 12.24 8 0.917
g, old wel ¥ E2E ARste FAHNA EHE ol o ol WA=mtAE AF2E FHE
ANEYH E= ZAG o7t @ ¢ deH, o2 LnYyEFE FUEtd A2 F d& Aoz JdE
A& A geloly F4T TEFAe] Addd o] o EF E dFdAc 4o AdsHe HHI

g & Aok

A, AEHH d49 ¥= FAE ¢xdFs 74
S A3 ML AZE o] FoAN nvtg22 g}
A Hojgled, olg|$ 9= AAE oz 993
T HFAHAA a7 28" .

AR, x9d 4§ 9 AAVL F2RFeE sgx o
ZX(contrast)?t Yo P= HAJ B&HAI} &
thooleid X¥ "E G4 AAY TEILE YA
g3tsts #AAA X7 232 4 .

et 2 v Z olF 249 Y9AL YE ¢X
Efo] A (digitizer) & AM83t A E#o|H A4 4
= ZAAE dYAYEsst= w4, EPID (Electronic
Portal Imaging Device) [9,1]1%} & txd x¥&
BFEE 5T & AT AAY AHE FoE AL
F A& Aoz Amsdn.

Al EdolE d43 X8YJLE 5F (registration)
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A Study of the Registration of Simulator Images and Portal
Images Using Landmarks in Radiation Treatment

J.A. Lee, T.S. Suh, B.Y. Choe, HK. Lee

Department of Biomedical Engineering, College of Medicine
The Catholic University of Korea

The goal of radiation treatment is to deliver a prescribed radiation dose to the target volume
accurately while minimizing dose to normal tissues. Due to inaccurate placement of field and
shielding block and patient’s movement, there could be displacement errors between the planed
and treatment regions. In order to verify the location of radiation treatment, we in this study
developed the registration algorithm of the x-ray simulator images and portal images and
quantified the inaccuracy in terms of shift, scale and rotation.

The algorithm for registration of pairs of radiation fields consists of the alignment of pairs
of radiation images by points matching and field displacement analysis by field boundary
matching. In the first step, paired surface landmarks are matched to calculate the transformation
parameters (scale, rotation and shift) using the corresponding line pairs which are created by
connecting two landmarks of each image. In the next step, portal field boundary is extracted and
then the two field boundaries are matched by the po— @ technique.

Applying the phantom portal images, detection errors were calculated to be less than 2mm in
translation, 1 ° in rotation and 1% in scale.

In conclusion, we quantitatively analyzed the displacement error of xX-ray simulator images
and portal images. The present results could contribute to the study of the radiation treatment

verification.

Key words : Radiation treatment verification, Landmark, Image registration
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