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Verification of internal organ motion during treatment and its feedback is essential to accurate dose delivery to
the moving target. We developed an offline based internal organ motion verification system (IMVS) using cine
EPID images and evaluated its accuracy and availability through phantom study. For verification of organ motion
using live cine EPID images, a pattern matching algorithm using an internal surrogate, which is very distinguishable
and represents organ motion in the treatment field, like diaphragm, was employed in the self-developed analysis
software. For the system performance test, we developed a linear motion phantom, which consists of a human
body shaped phantom with a fake tumor in the lung, linear motion cart, and control software. The phantom
was operated with a motion of 2 cm at 4 sec per cycle and cine EPID images were obtained at a rate of 3.3
and 6.6 frames per sec (2 MU/frame) with 1,024X768 pixel counts in a linear accelerator (10 MVX). Organ motion
of the target was tracked using self—developed analysis software. Results were compared with planned data of
the motion phantom and data from the video image based tracking system (RPM, Varian, USA) using an external
surrogate in order to evaluate its accuracy. For quantitative analysis, we analyzed correlation between two data
sets in terms of average cycle (peak to peak), amplitude, and pattern (RMS, root mean square) of motion.
Averages for the cycle of motion from IMVS and RPM system were 3.98+0.11 (IMVS 3.3 fps), 4.005+0.001
(IMVS 6.6 fps), and 3.95+0.02 (RPM), respectively, and showed good agreement on real value (4 sec/cycle).
Average of the amplitude of motion tracked by our system showed 1.854+0.02 cm (3.3 fps) and 1.94+0.02

m (6.6 fps) as showed a slightly different value, 0.15 (7.5% error) and 0.06 (3% error) cm, respectively,
compared with the actual value (2 cm), due to time resolution for image acquisition. In analysis of pattern of
motion, the value of the RMS from the cine EPID image in 3.3 fps (0.1044) grew slightly compared with data
from 6.6 fps (0.0480). The organ motion verification system using sequential cine EPID images with an internal
surrogate showed good representation of its motion within 3% error in a preliminary phantom study. The system
can be implemented for clinical purposes, which include organ motion verification during treatment, compared
with 4D treatment planning data, and its feedback for accurate dose delivery to the moving target.
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Fig. 1. Schematic of the internal
organ motion verification system
using cine EPID images (IMVS).
cine EPID images were obtained at
3.3 and 6.6 frames per second (2
MU/frame) with 1,024x768 pixels
and transferred to an in-house
software. Internal organ motion was
detected by pattern matching and
compared with planned data in
order to evaluate accuracy of IMVS.
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Fig. 2. Flow chart of the internal organ motion verification
system using cine EPID images (IMVS).
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Fig. 3. IMVS has four graphical windows, including program window (a), template setup window for pattern matching (b), detected
motion display window (c), and display for matching result (d). The moving phantom system and self-developed offline based
internal organ motion verification system.

o] ZHE AlF ¢H(minimum sum of squared difference)s 7FA]  ZHE] 4L A2 2 S Wl FA1H (isocenter)ol] 4] €]
< #9E A=Wk A . AR A& sl7] Sl vholF stz HE A2 W F

A% AEE 7FoE e FHs AL-AE7% A
d (5, T) =57\ ;— T A1 EE e R Sdles AN W FARA AA A

g o o
2|2 Wgd AR FAYAL Al e A 9%
o7lolA 1= 4 dd(nput Image), T+ HES 24 & ZHWHZZ Tt £ 245 3l WE 27
(Template Image), (i, )= A4S QA XA(Index), d&= 2ol &  F7|¢ AZF v FAHS
& (difference Image)E YERITh 2 Ad AA A3 AH FHo] ThsstES vt
tho]lF s A2 F A WA Zaldd d4E 3hdel o

h=4 =2
sgdloleln vk SIS FH BAY @A
H

12 M ANAE S |
& G FAe AgE FHEA s e S IMVSe] BEE J7hE fd A APs EAT 5 2
A AR AR %5 JES Yok 58 cine BPID Q4o WS AR Fig 4. TE AN TR F 28 A2



Fig. 4. Experimental setup of the motion phantom to simulate the
IMVS. (b) Motion phantom controlled by step motor and in-house

Fig. 5. The cine EPID images showed the movement of the
target during treatment. The motion sequence advances from
left to right (fake tumor move in cranio-caudal direction).
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respiratory signal (a) overall setup for performance test of the
software.
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Fig. 6. This graph shows the movement of the phantom from
cine EPID and RPM system as a function of time.

Table 1. Comparison of average cycle, amplitude, and RMS
resulting from IMVS and RPM.

IMVS IMVS

(3.3 fps) (6.6 fps) RPM
Average cycle (sec.) 3.98+0.11 4.005+0.001  3.95+0.02
Average amplitude (cm) — 1.85+0.02 1.94+0.02 -
RMS 0.1044 0.0480 -
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