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Ultra - sonic based moving phantom (UMP)
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+X, +Y, +Z : US Senor
Data acquisition

Animal test

Analysis S/W
(Basic stamp code
& Visual Basic)

BS Il (mircro controller, MCU)

-X, -Y, -Z : Moving bed control

<
<

Moving Pattern Input
(1D, 2D, 3D (using stepping motor))
& Data DB (Microsoft access)

Sensor & motor
driving

Sensor position 1

J Sensor position 3

Sensor position 2
R S—

=

Fig. 1. A Schematic diagram of experimental process. The UMP (Ultra-sonic based moving phantom) system consists of an custom
made motor-driven moving phantom for acquisition-correction of respiratory motion and a ultra-sonic sensor. Host computer
(RS232C) connected with the BS II (Basic stamp code) tool is used to data analysis. (X: right-left, Y: superior-inferior, Z:

anterior-posterior)
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torque 2.3 Kg)9} Z-2 34l A (Ultra-Sonic, range 3~3 m)S
o]-&3le] % & (moving phantom)S A ZETh ¥4 H)
olEl= Y99 A HolE(FAC] 2 cmo] HEE o
32t o dHoleh)E dHEste & WHE 2L,
Nol A §AAE 285 AME olgde Y5 ¥,
7 HolEIZY] Hl, 245 AldEA T HolE e =

3] 283 dolHz YSaAt 458 HojHE

7](Basic stamp microcontroller II, 20 Mhz, 8K Byte)S
Aloj= a1, AlojE HolHe HES FEA717] A%
3 2 713 (Microsoft Visual Basic 6.0, Microsoft access)ol] 2

5
S
=
=
=]
=
o
o]

=
[<)

2 #(Guinea-pig, about 500 g)& ©°]&3} &

g F AxY A volHY g5-24 AFES APt

A THFig. 1).
2. = = (moving phantom) H|Z&t

5Fe5 99 Bx ARAY $HAL WA 9
& AFe WY £H7)(BS I, 20 Mhz, 8K Byte), AlA]
(Ultra-Sonic, range 3~3 m), PC (RS232C), Servo Motor
(Torque 2.3 Kg) 502 FAAL, Aolet 75 98
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(c) US sensor

Power Kit

BS I (microContl!Ier,

(b) BS 1l Controller

BS2-IC MODULE

(d) movement module

Fig. 2. The UMP system composed of a (A) moving phantom, (B) BS II controller, (C) US sensor, (D) movement module.

35 1Y HA =2 73 (Microsoft Visual Basic 6.0, Micro-
soft Access)S 243l tHFig. 2). W) 2 cm HE WolA
AES A0l HAL, B S o] €2
o= Yojyr = Eil%ﬂo}ﬁzuﬁ, x, y, 27} 9&H o2
$Zox 2 AN ALE FHE 98 servo motorS
ARSI AL, rack & pinione] 7|ATRE AFESY FGA
S FHsgon, AAF 2479 HY FES FAHAS
2 A43le FA-o| AAFoE AU = UA SFATH
1) =20t MMl EF

%259 A MZE SRF04 Ultrasonic range finder(Parallax,

USA)E AHg3tglom 40 kHzo| F3H49} 3~3 me] 35
d9E 2= E%—ﬂre e ANEES S8 UE
St BRI wAE 298 S BEOZ Hol 9o
o REZ 10ug«1 Eﬂlﬂ Heo] AsjAH REZFH 8
cycle®] &3/} HAE Y ExE W] FUF whAbE &

= BE9 44 R ZAFI 10 ms £ thA] EF
dES MARE dEd o]e} & 148 58 ut
% THeZ EXEF AL

ZZ 2

ZFHAA HolHE g55t7] 913 ParallaxAte] Basic
stamp I microcontroller (MCU) 2.55& A}&3ldt} o=
Basic interpreter chip, internal memory (RAM and EEPROM),
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5V regulator, I/O pins (TTL-level), commend sets & 2.2 -
AEo] Ja T2 I Ado]EE PBASICS AH&stal )
o MCUE CPUSH @232 9te] AAFES o|F& 3=
(machine interface)E}3 ¢ CPU (ZZ A A, 1/O, W Eg])o]t}.
Z2 38 Y& AAMHolHE 55y 93 ] AT,
EAY F4E AFoE A3 B, toHE 512
o7 AAeAh
T Z2IH
28 233 449 A8 HoHE vl
o7 A HelHZ HEold WA 2SI
dolgz A& S4At. #HY 5 =
238 dolz2= WY 752 98l Microsoft Visual Basic
6.05 AHE3IH AL, HolEH o] 28 {3 M = Microsoft Ac-
cessE AHESFATE 254 oy g5 Z2agoR
FE 53 HolHE 9 HolHE wEsted AYS 75
Al7lE s AL o] tHolHE g5-2% Hel
B FE|Z DB 755 I
A, 85 A7, 99 g B
554 volHe SAZzaRo=] AY,
HHo]~ 5 F9 7|eEE AAdstAth

7] Eq/\lﬁ-jjq_ %_

e

Sk HH 0 2 F(Guinea-pig, about 500 g)
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(Fig 3). 79 %7149 5§ ola AxAe] ¢4 o]
HE duA FHoHAE A2 F AReAAL, delHe 3
80 B9 ASHGOM, AolFE Zead AN A5
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Fig. 3. It shows that respiratory motion were acquired by using guinea-pigs; (A) The experimental setup with the moving phantom

or
B
b
0l
_t':_l

HolH &S-28 =20

1) MAf Hlo[ef HE-2F
dloe 85174

EEHE Artez

and acquisition-correction-analysis program, (B) guinea-pig setup in plate.
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Fig. 4. It shows that acquisition-correction-analysis and DB program.
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g olg BUHY F FE 283, 271ge] AolE Bt
& 3le FE SoE st AT volHe A =

3 85-17g A Hxghe] FE

JA A3 A ThFig. 4). =3

Ao ArdeE S ALY o] 7hsstes AT

2) MM dole ES-HF X[ AlZb (acquisition-
correction delay time)

=07 AAALE ANEEC] 298 $E-5A8

fr

A 247178 BASHE AIZES e F ¥ Rk
cAHo 2 wAs=d dee Azhe] ) (DHeE A
Aek 42 9loh A QAIRRe 2.34x107 2 0] Tk
Minimum Delay Time=
((10pg+10 ms)x3)+(8pgx3x2)))*3 (*) -+ (1)
(10pg: trigger pulse, 10 ms: time from end of echo to next
trigger pulse, 3: X, Y, Z axis, 8ug sonic burst, 2: loop, 3(*):

limitation that serial processing makes coefficient multiplier

Displacement of acquistiton-correction data for Phantom

Respiration range (cm)

corre_X Disp
- corre_Y Disp
corre_Z Disp
acqui X Disp
— — acqui Y Disp

- acqui Z Disp

16

Time (sec)

Fig. 5. Comparison of the displacement of acquisition-correction data of moving phantom. The thick lines represent the acquisition
data (acqui_XDisp, acqui_YDisp, acqui_ZDisp) and the thin lines represent the correction data (corre_XDisp, corre_YDisp,
corre_ZDisp) as the moving phantom is detected to be inside the normalized range.

Displacement of acquisition data for Phantom
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(A) acquisition data

Displacement of correction data for Phantom

Correction data of Z dispacement (cm)

(B) correction data

Fig. 6. The 3D trajectory of the moving phantom. The pattern was similar to that acquisition and reverse-correction data; (A)

acquisition data, (B) correction data.
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Fig. 7. The time signal of the respiratory motion of guinea-pigs, it had a regular respiration pattern (CC direction). The lines
represent the acquisition data (acqui_XDisp, acqui_YDisp, acqui_ZDisp) and correction data (corre_XDisp, corre_YDisp, corre_ZDisp).
The dot line represents respiratory motion with a period of 1.1 s.
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Fig. 8. The time signal of the respiratory motion of guinea-pigs,
respiratory motion with a period of 1.1 s.

it had a regular
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respiration pattern (CC direction). It shows that
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Abstract

Development of Respiration Gating RT Technique using Moving
Phantom and Ultrasound Sensor: a feasibility study

Suk Lee, Ph.D., Sang Hoon Lee, M.S.", Dongho Shin, Ph.D.",
Dae Sik Yang, M.D., Myung Sun Choi, M.D. and Chul Yong Kim, M.D.

Department of Radiation Oncology, Korea University Medical Center, Seoul,
Department of Radiation Oncology, llsan Hospital,
¥ Center for Proton Therapy, National Cancer Center, Gyeonggi—do, Korea

Purpose: In radiotherapy of tumors in liver, enough planning target volume (PTV) margins are necessary to
compensate breathing-related movement of tumor volumes. To overcome the problems, this study aims to
obtain patients' body movements by using a moving phantom and an ultrasonic sensor, and to develop
respiration gating techniques that can adjust patients’ beds by using reversed values of the data obtained.
Materials and Methods: The phantom made to measure patients' body movements is composed of a
microprocessor (BS Il, 20 MHz, 8K Byte), a sensor (Ultra-Sonic, range 3~3 m), host computer (RS232C) and
stepping motor (torque 2.3 Kg) etc., and the program to control and operate it was developed. The program
allows the phantom to move within the maximum range of 2 cm, its movements and corrections to take place
in order, and x, y and z to move successively. After the moving phantom was adjusted by entering random
movement data (three dimensional data form with distance of 2 cm), and the phantom movements were
acquired using the ultra sonic sensor, the two data were compared and analyzed. And then, after the
movements by respiration were acquired by using guinea pigs, the real-time respiration gating techniques were
drawn by operating the phantom with the reversed values of the data.

Results: The result of analyzing the acquisition-correction delay time for the three types of data values and
about each value separately shows that the data values coincided with one another within 1% and that the
acquisition-correction delay time was obtained real-time (2.34x10™ sec).

Conclusion: This study successfully confirms the clinic application possibility of respiration gating techniques by
using a moving phantom and an ultrasonic sensor. With ongoing development of additional analysis system,
which can be used in real-time set-up reproducibility analysis, it may be beneficially used in radiotherapy of
moving tumors.

Key Words: Respiration gating radiation therapy technique, Moving phantom, Patient’ body movement, Ultra-
sonic sensor, Radiotherapy
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