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Abstract

Now with the technical development, we cannot desultory treat a
patient before design a perfect radiation treatment plan. In department of
radiation oncology, must install a Linac Accelerator with the function of
DMLC (Dynamic MultiLeaf Collimator) and provide a patient more
appropriate treatment plan. We know that radiation therapy will kill
tumor cell and hurt normal tissue from the past experience. However,
sometimes this is unable to avoid. But regarding other accident of
radiation therapy, like as treatment dose error, treatment position error,
operation mistake and so on. All is we needs to avoid as possible.

In order to reduce the radiation complication proceeding from
overdose, we need to execute pre-treatment QA (quality assurance) like
as film dosimetry and position check. Now new methodology of
pre-treatment QA is presented: Quality assurance of IMRT (intensity
modulated radiation therapy) using an EPID (electronic portal-imaging
device). It makes radiation treatment QA efficient.

We present measurement of ISO center and leaf position verification
of DMLC using IMRT technique via using boundary detection we define
a threshold of pixel value. However, We never destroy original imaging
signal and, 1SO center and leaf position of MLC can be calculated within
1 mm of mechanical tolerance. This will ensure radiation treatment dose
within tolerance.

Before treat patient, we pre-simulate and calculate an electronic

imaging signal of patient. We can correct ISO center and pre-find out



wrong leaf position of MLC. The presented method makes radiation

therapy safer for patient.

Keywords : Linac Accelerator, Dynamic Multi Leaf collimator, Leaf,

Quality Assurance, Intensity Modulated Radiation Therapy,

Electronic Portal Image Device, ISO center
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ES > F e BT iR R AL g BT F e St R
E R G R AAF ] T o
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B 2-10 gg3%eh 3D = W ik

B 2-11 *cbficf BRI
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Bl 212 2P Slwcst ot K &AT G AL G P IRaRl Y

Bt PP AR RIS F Y RSB 0 R e

W BES BRTT chfic s BRIF e % s BT chfE € A fie (Field weighting)

BB I chas 45 (Field Wedge) = | ~ BEF e £ B 4T3 A % > A ¥
fo it 4o

2.4.1 ¥ en® o B
PIEF AR R il ¥ ¢ L AE Y R B
N E«Z&«)*I&{'—‘“r”ﬁ PeT7 R E e & o L2 5 SO center - center

SRE PR PRI LT T RS F R A 0 Pl F R ] e
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Beoo nLEL i R AR AR A R

2.4.2 P TF e P

(t‘

RIFcn S BB an~ [ B8 o3 § Rt —‘ﬁ RS
PR T B e R MR AT R R R RID S F AR REITH

L RIRI RIS o dest ] T AR ¥ B RS 5]

A=
S

>
&
yc

SRR TS B NS R g AN

243 R e
PRI o @0 L F BRAT RIS R ISR g P

TWEF A ER BRI NS p PO R € RIIE ¥ B ol K ST

i
FREFE DB A RISk TE & R -
2.4.4 %5 g £ 4 e (Field weighting )
R e RTE T2 B FREF - BRI LARIEL 0 At

ﬁ%—’ﬁ BLAT R B v B AR E T U ah e X F ’)5 FU3 -3 A E

=,

xR R

2.4.5 BT chfa5 4 (Field Wedge ) =

S Ak 5 BE 1R LR -ﬁﬁn%\md,\:k “’Kgiq\."‘ikfj-
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25 BRIt

REHE AR PR pRET R L PRI F R
Rohic f RIT £ 3 ROSSUY H o B F e R NAE 2 RS
Forr¥anid % F A Tt g U p i §F CRT(Conformal Radiation
Therapy) s &1 &1 354 5 2% ~ IMRT (lIntensity Modulated
Radiation Therapy ) &y 1 # £ 34 5 5% > @ ST R4 5 1
mm rip AT AR o R B R R T MR L Rk

BRSUSR  dot A R D Bp R F IR T i 5 Bt o

251X k7 jh @ R R
w3y T X e 7 a2 w0 € L4 7 Winston Lutz test> Winston Lutz
test 7 % #-— B 5mm e4h B £ -] 3k (Tungsten ball ) +x % g 25 e ¥
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B (B 2-13) 0 @ t5 B 2 B 4 I sk ¥ 28 & A& (Gantry angle) 0 and
180 B % 5 I # F e & & & (Couch angle) 0~ 45~90 ~ 270 and 315
B £ 1027 izl o A WRHTEDXEK @ X KPR bt R
Fd B %% k(micro Multi Leaf collimator - mMLC) ( B] 2-14)

»:’Li—%l-;“_ﬁnl °

B 2-13 Winston Lutztest * » — i 5mm =44 % & & | 3%
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Bl 2-14 fic 5 E 3 R(MMLC) » £21 X % ey o) 5 I

Ahe % B RS ERAS XK £ 9 f|% Varian ehg + 5
AR R KB [22] (B 2-15) %2 Kodak 7 XV film k= X &

%’%@Aﬁ%%waiﬁﬁﬁiﬁpﬂ,km%

WA

Pebf o &4 547
b s - BRAnELE o BEFAL

UL FEAR S R b o
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Bl 2-15 § 3 o 4 B0k % 5 EPID

252 = R Fga 3kt n % (3BDCRT) enfe¥F et

do (B 2-16) #7577 > fdfm B3 sing o 0 § A4 - B R
T N FERRIS R AN AR ko BT R R T KRR P ERE &
ME R BT R D A

B Ed FILEF L P AR KN ETE PR o e TR A

SUERE ST SRR EL X
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G VS B Br R

Bl 2-16 34L& F % B IT ot 4

y

253 BB 5 5R (IMRT) Gt

IMRT 5 * SC 2 CRT > 48 @ * 5] 5 85 %> H 5 2
A A o NEFCRTEH S ERE: GPraEY IRy as- Bl
Fo BRI RELESEL ARNGFIMRTRE S F835 Gp chE ¥ ir- 2

BARE 0 Tt RE|ETE P BT X F A B AL Ao ihFEE

PR

ST ARRES TR LR T3 R E TE ST S RIS
CEER P LEECE RS AR R R

pof RSB AL D AT -
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LR R

AR L LB ¥ - FFE S F1* Winston Lutz test % ip|

Iy
—
o
w
IS
&

Z_1SO Center ehip# <] » LB E B BITY < &
&+ MLC % # 3D Conformal radiotherapy FF# % A + | » & {3 - F¢

BEEAI* GO IMRT J5% B > £ MLC £ & # & hif

&

= /] e
RS F TSR TR RN SRR S E T R
~ Bk A (I 3-1)0 R AR AL S L ke e

%%'LLL KEBER K- BF okt dl R B Ex ROy

B 3-1 kit
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3.1 -k iBAE dr LR 3 B R

ETINS
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oy
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—ah
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W
ah
foEe
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“'EL

o
7
=
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IERE S PR NI F R SRS Y RS LS

B U FE oK B AP BRI DB o oK B pEZ

%—ﬁ
S
as

Bl o h F b R4S KB e gk o

TAFarR BN PR FT REEFR AR RYFROP
s HighSpeed Fxi T *a%7% 4 & K& 74 f > Fh 152 5 200KV /
120mA = 3mm # 4 — 3% Axial view » = +318 52 35 15 & DICOM

Protocol %% i (B 3-2) o
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Bl 3-2 K BAET STk Frd B0 1

3.1.2 -k Al P b

¥t #7180 52 3% DICOM image » @ * Varian Eclipse Planning
system 4 %] % 4 image reconstruction - contouring - g - #- 52 3% 2D
image £ & = - 3Dimage (B] 3-3) > 2R s & 3D @2 %t » & B0

Body 2 Target & i s (B 3-4) r2 A 180553 4l ehticst -
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-0 x| TR

Bl 3-4 R BEH AR EF iR
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3.1.3 | iEism 4l
KA TR R R R 2PN IR B A SR B
PP FSANG o AR RERUI B P antd B R
ozt o
- B3I EXF 10 Biok R (B 3-5) 4 % & Gantry 0 &
% 180 BpF>Couch 2 5 O & ~45 % ~90 & ~270 & % 315 & > (¥ 7]
21027 e £ (R 3-6) R BN EE it FOTHREPN

4 %% i 7% - PEE o Winston Lutz test o

iml Winston - Transversal - = i Winston - BEV - Field 5

i Winston - Frontal

B 3-5 10 Fields Winston Lutz test
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Gantry / Couch

Z

90 C) — 270
B

45 315’

]

0

Bl 3-6 Gantry rotation & Couch rotation

EFEZBESZBIEE AHB UL BohREFRE T A
Gantry 0 & ~72 & ~144 & ~216 B % 288 B ch™ w 2 H- Biok R
¥ 5> 2R{s* 3DCRT 2 IMRT eijap Hoprs B A 4 - 2% Fansf &
B (B 3-7)~(H 3-8) A id#Es wich N1 i F
ITHER > FEHFEEEE S SR ET od R BRI DA
AR FR T A Gantry 5 0 B ORI A 1T o
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W CRT - BEY - Field 1
]

B 3-8 5 Fields IMRT
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3.2 Winston Lutz test

v

= 7 P& Gantry Rotation 2 Couch Rotation ¥+ ISO Center #} & 11
B8 & 8 & i Winston Lutz test -

IR - B N L LY. e A %ﬁdﬁl 413 Varian 21EX 0% R 4v i@
E 24 6MV X % Bt A Varian (03 F 54 B R ks (F)
3-9) HEH P inAL (B 3-10) 22 A Fif; Aiss * 6MV
s X % B &t Kodak 0 XV film» i@ 2 & 2 s+ 42 4 (B 3-11)~(®

3-12) -

Image
Acquisition ¢ | 3| control [ €—| High-Voltage Switches

System 2

(IAS 2)

256——

256

—

lonization
Gantry

Chamber

(256 x 256 Electrodes)

Electrometer Amplifiers

— o
—

——

B 3-9 EPID 2 h B~ &
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Image Detecti

R Arm

Clinac

o 7
lonization Chamber
Image Acquisition R Arm
System 2 Controller Clinac
0o 1 Controller
Emﬂ 0l = —l=
Dose Rate
Servo
Clinac Stand Electronics Cabinet
Dedicated LAN
(10Base-T)
PortalVision
Workstation
VARIS | Vision Network
(100Base-T)
@) 3-10 EPID ¥ i fg B~ A%
o kl B @ €
G0 TO GO T4b G0 T90 G0 T315 GO T270
o ° < 2 3

G180 TO G180 T45 G180 TS0 G180 T315 G180 T270

B 3-11EPID % fje
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B 3-12 Kodak XV film %

I* X kit & ks o A~ % & EPID 2 XV - film 2+ & - ;g
d R s AR A B RN g2 £ BTk g A B AR
w73 ISO Center enigy #% JEHL > 35 B FEAEHIZ & > T # 1135 41 ISO
Center e % > % o

JE_EPID #73E {8 ehg’ ik 5 BMP 4§ (256x256x1 Bytes ) - Pixel &
§E=230/256 mm/pixel > 1 * &k =& & (pixel value<100) % (pixel
value>20) el f40& > 2 kS F @I 2 & Frhend i o

JE_Film #71& 18 eh8% . 5 600dpi(25.4/600 mm) » % z_® & (pixel

value<200) 2 (pixel value>170)::g % 0% = 2 kB F R 2 & g
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Poipe B2 &3k & (R 3-13):
((RM + Rm)/2, (CM + Cm)/2)
RM : &#7% row & pixel value 42 chs + &
Rm : &#73 row & pixel value A2k /] &
CM : f&#75 column 5 pixel value 42 i3 < &

Cm : 25 column = pixel value 42 e -] &

Fedtd ¢ BLRF cn A BRI S OISO center ik £ BEAE o

Column(min)=Cm

T

Row(min) Row(max)

= =RM

Column(max)=CM

B 3-13 £ B ir B2 & Fk? wEL
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333D CRTMLC ¥ % k&

#-3D CRT #7180 2 3 dinf Sodc > #5110 2 Varian 21EX e1E 4 4c
@ % MLC #-a BB A e MLC )k (1] 3-14) FaaF et B
B2z d MV s X 3k 5 PR SE& Varian R 3 SR B R R )0 B

WGk A 2 SRR (B 3-15) ) SR Tt o

3

B 3-14 #

A&

r MLC
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B 3-15 # i 7 MLC EPID £ fj

S

F 7RI g R MLC Data 1 2 Al HohdE » F £ F 2 e
MLC Data ® ¥ ¥ B eng % =% % #cp (W 3-16) AW * 7 114
MLC £ # £ 4 40% > &A% %" B 6 %> 2 % 5 Leaf 18A=
0.78 - Leaf 19A =195 - Leaf 20A=2.71  Leaf 21A = 2.71 - Leaf 22A =
1.99 - Leaf 23A=0.78 ; Leaf 18B = 0.80 - Leaf 19B = 1.98 + Leaf 20B =
2.69 - Leaf 21B =2.70 - Leaf22B =197 - Leaf23B=0.76 » # ¥ i %

AA
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File Rev =G Leaf 144 = 000 Leaf l45= 000

Treatrnert = Static Leaf 138 = 000  Ledf 156= 0.00
Last Marme = W arer Patient Leaf 168 = 000 Leaf 166= 000
First Marme = Water Leaf 174 = Q00 Led 175= 000
Fatenr ID = Water Leaf 1BA = QT8 Ledaf I1BE= Q.8Q
Muraber of Fields = 1 leaf 198 = 195  Leaf 19BE= 198
Muraber of Leaves = 8 Leaf 208 = 271 LedfXE= 269
Talermee = - 0.0000 leafZlth= 271 L=afFZlE= 270

Leaf?Z8 = 199 Leff7ZB= 197
Field = segment_| leaf238 = 078 Led23B= Q078
hoex = 0.00 Leaf?d4a = 000  Lesf#MEBE= 00
Cardage Group =1 Leaf 7258 = 000  Leaf25E= 000
Operaar = Leaf 268 = 000 Leaf265= 000
Collitnaor = Q.00 Leaf 78 = 000  Leaf77E= 4.

Leaf 1A= 000  Leaf 16= 000  LleafZ28A= 000 Leaf285= 000
Leaf 284 = 000  Leaf YE= 000  Leafd%A = 000 Leaf 5= 000
Leaf 34 = 000  Leaf 36= 000  Leaf30A = 000 Leaf 306= 000
Leaf 4A = 000  Leaf 5= 000  Leaf3lA= 000 Leaf 315= 000
Leaf 34 = 000  Leaf 5B= 000  Leaf3%4 = 000 Ledf 3Z2B= .00
Leaf 64 = 000  Leaf 6= 000  Leaf334 = 000 Lesf 3B= 4000
Leaf 7A= 000  Leaf TE= 000  Leaf3dA = 000  Leaf MB= 000
Leaf BA= 000  Leaf 8E= 000  Leaf334= 000 Lesf 356= .00
Leaf 94 = 000  Leaf 96= 000  Leaf384 = 000 Ledf 38E= 000
Leaf 10A = 000 Leaf 105 =000 leaf37A= 000 Leaf 3765= 000
Leaf 114 = 000  Leaf 116= 000 Leaf38A = 000  Leaf 385= 000
Leaf 174 = 000  Leaf 176 = 000  Leaf3%9A = 000  Leaf 3E5= 000
Leaf 134 = 000 Leaf 1365 = 000 Leafd0A = 000  Leaf405= 000

B 3-16 3DCRT ® ¥ % B fccndcp 2 =%

¥ *b K _EPID #7)E 17 eh8% 5 BMP # (256x256x1 Bytes) » & 7
KR LI MLC & # i g chi=¥ > 1% Boundary éh= 2 X5 &
MLC £ % B fxemf i » Ris 2+ o530
LN = (row-127.5)*230/256 P(0)......... (1)

LN <0 P > LN =20 -int(abs(LN))

LN >0 pF > LN =21+ int(abs(LN))
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LP = (column-127.5) *230/256 P(O).......... ()

LP>0 p¥ % Leaf Aside
LP<0 p¥ i % Leaf Bside

F(1)(2) ® LN 2 # # %% LP 32 £ % &% a% P0)5 Pixel
value =0 » 230/256 ¥~ % 230mm/256pixel o ;% ¢ F #-F 215 LN fﬁ;m

Al E P EIEEER BT o RV EIE R D%

(0,0) B Side A Side  (0,255)
: 2

2
[so center %
39 39
40 40
(255, 255H)

Bl 3-17 -0 ¥ * ehB fadicp 2 2§
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3.4 IMRT MLC # % &1
IMRT 7 MLC # % & * ;22 3DCRT 4p iz » % e d_IMRT

L= 2

By e

P

[P~ ~ 2
= Rk - K&

\4

ﬁ;:.?:f'_% fe e /’ é;t,« MLC ”/HJ‘

™y

B SRy 9}&@?] 2 Varian 21EX e1E & 4eig B> MLC #-4 5]

g

s {5 MLC 2555 > #2518 4e i B2k d) BMV eh X £ > & 54 & Varian
IR R G L A4 BB ot B (B 3-18)
Flt A 7t 3D CRT g x4 o

E PRS2 3DCRTMLC chia e » 7 Ip i te e 58 3 B~
MLC Data p 7 & 7£ 2] % MLC B fcendicp (B 3-19) & B ¥ #

4 7% ks MLC § A u B fe

® & @
I | |

2 3 4
i -

6 7

Bl 3-18 # jix 7 MLC EPID # if
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Fik Fev= G Leaf 144 = -3280 Lesf 14E = 320 Leaf 144 = -380 Lesf 14B = 320 Leaf 144 = -320 Leof 14B = 320

Teeatment= Dynarrde Do Leaf 154 = 380 Lesf 15B = 320 Leof 154 = 380 Lesf 15E = 320 Leof 154 = -380 Leaf 135B = 320
LastNarre = Water Fatient Laaf 164 = -380 Leaf 16E = 320 Leof 164 = -3 80 Leaf 166 = 320 Lesf 164 = -320 Lesf 168 = 320
FixstHame = Water Leaf 174 = -380 Lesf 176 = 380 Leof 174 = 380 Lesf 176 = 320 Leof 174 = -380 Lesf 170 = 3820
Pofient ID = Watex Leof 124 = 005 Lesf 18E = 0% Leof 184 = 033 Leof 18B= 073 Leof 124 = 088 Leof 18B = 073
Hurber of Rel==7 Leaf 194 = 107 Lesf19E = 159 Leof 194 = 157 Lesf 196 = 1500 Leof 194 = 184 Leaf 19B = 158
Hurbex of Leaves = 80 Leal 204 = 195 Leaf 206 = 230 Leef 04 = 226 Lesf AF = 250 Lesf M4 = 248 Leafl 20B = 248
Tolermce= 0,200 Leaf 214 = 195 Lesf 210B = 230 Leaf 214 = 227 Lesf 21B= 249 Leasf 214 = 247 Leaf 21B = 249

Leaf 24 = 107 Leasf 2B = 200 Leof 224 = 157 Lesf ZB= 198 Leof 24 = 183 Leof 2B = 158
Field = segment | Leaf 254 = -021 Leaf 288 = 100 Field = segment 2 Leaf 284 = 044 Leaf 288 = 0% Field = segment 3 Lesf 84 = 072 Lesf 3B = 08
Index= 0.0000 Leaf 244 = -350 Leaf 24E = 520 Indexx= 0142 Leof 244 = 380 Leaf 246 = 380 Indexr= 0287 Lesf 244 = -380 Lesf 246 = 580
Candage Guoup=1 Leaf 284 = -380 Leaf 25B = 380 Cadage Choup=1 Lesf 254 = 380 Leaf 5B = 380 Cardage CGooup=1 Lesf 254 = -380 Leaf 2B = 380
Orpesator = Leaf 264 = -380 Laof 258 = 520 Operabog= Leof 264 = 380 Lesf B = 320 Opexdor= Leof 264 = -380 Leaf 6B = 380
Collimee = 000 Leaf 274 = -3580 Leaf 27E = 320 Collwmeir= 000 Leof 274 = -380 Leaf 276 = 380 Callirmedoy= 000 Lesf 274 = -380 Lesf 27B = 380

Leof 14= -380 Lesf 1B = 380 Leof 284 = -380 Leaf 28F = 320 Leof 14 = -380 Lesf 1B= 380 Lesf 284 = -380 Leof 28F = 320 Leof 1A= -380 Leof 1B = 380 Lesf 284 = -380 Leof 288 = 320
Leof 24= -380 Leof 2B = 330 Leof 204 = 380 Leaf 0B = 320 Leof 28 = 380 Leof 2B = 580 Leof 234 = 320 Leof 2B = 320 Leof 28 = 380 Leof 2B = 580 Leof 234 = -380 Leof 20B = 320
Leof 34 = -380 Leaf 3B = 3380 Laaf 304 = -580 Leaf 505 = 380 Leaf 34 = -380 Leaf 36 = 580 Leaf30A= -380 Leaf 30B = 580 Leaf 34 = -380 Lesf 5B = 580 Leaf 304 = -380 Leaf 30E = 320
Leaf 44 = -3580 Leof 4B = 380 Leaf31A= -380 Leef 31E = 380 Lesf A= -380 Lesf 4B = 380 Lesf51A= -380 Leafl 316 = 380 Lesf 44 = -380 Lesf 4B = 380 Lesf31A= -380 Lesf31E = 330
Leof 54 = -380 Lesf 5B = 3380 Leaf 324 = 380 Leaf 328 = 320 Leof SA= -380 Lesf SE= 580 Leaf3Rh= -380 Leaf 32B = 320 Leof SA= -580 Lesf 5B = 380 Leof324= -380 Leof 32E = 320
Leof 64 = -380 Lesf 6B = 330 Leof 334 = 380 Leaf 35E = 320 Leof 64 = -380 Leof 6B = 380 Leof33A= 380 Leof 33B = 320 Leof 64 = -380 Leof 6B = 380 Leof 334 = -380 Leof 33E = 320
Leof 74 = -380 Leaf 7B = 380 Laaf 344 = -580 Leaf 346 = 380 Leaf 74 = -380 Leaf 7B = 380 Leaf34h= -380 Leaf 346 = 580 Leaf 74 = -380 Lesf 7B = 380 Leaf 344 = -380 Leaf34E = 320
Leof 84 = -380 Lesf 8B = 380 Leef 334 = -380 Leaf 358 = 320 Leof 8A = -380 Lesf 85 = 380 Lesf35A= -380 Leof 358 = 320 Leof 84 = -380 Leof 25 = 380 Lesf354 = -380 Leof 358 = 320
Leof 9= -380 Lesf OB = 3380 Leaf 384 = -380 Leaf 368 = 320 Leof OA = -380 Lesof 9B = 380 Leaf36h= -380 Leaf 36B = 320 Leof 94 = -380 Lesf 9B = 580 Leof 364 = -380 Leaf 36E = 320
Leof 104 = -380 Lesf I0B = 320 Leof 574 = -380 Leaf 3V = 320 Leof 104 = 380 Leaf 10B = 380 Laof 37h = 320 Laaf 37B = 320 Leaf 104 = -320 Leof 10B = 320 Lesf 374 = -380 Laof 37E = 320
Lesf 114 = -380 Lesf 116 = 320 Leaf 384 = -380 Leef 385 = 320 Lesf 114 = -380 Leaf 116 = 380 Lasf38A = -380 Leal 386 = 380 Lesf 114 = -380 Leaf 115 = 380 Lesf 384 = -320 Lesf38E = 330
Leof 124 = -380 Lesf 126 = 380 Leef 394 = -380 Leaf 398 = 320 Leof 124 = -380 Leaf 128 = 380 Leaf 394 = -380 Leof 390 = 320 Leaf 124 = -320 Leof 128 = 380 Lesf 394 = -380 Leof 396 = 320
Leof 134 = -380 Lesf 13B = 320 Leof 404 = -380 Leof 408 = 320 Leof 134 = -380 Leof 13B = 380 Leof 40A = 320 Leof 40B = 320 Leaf 134 = -320 Leof 135B = 380 Leof 404 = -380 Leof 40E = 320

B 3-19 IMRT ¢ MLC B fcfic® 2 2 p % & B pchiicp % (=%
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rr R BREEG

4.1 1SO Center shi=# & 47

EAeN ez (8 > VB A A Varian 0 EPID & H_
Kodak &1 XV film > # &% 2237 8 337 - 1SO Center 725 7 & ficenify

BB B TR R AR T (B 4-1) (Bl 4-2)- 7 %
X kB &t i EPID 1 082 1f247 & 5 0.8984375 mm/pixel > & XV film
F e fE+d7 & 5 0.042333 mm/pixel > field position % 7 X k& g &
# [Flen? . gk ball position % 5= Tungsten ball 7+ .« gk 3 * distance
(pixel ) 4= distance (mm) R # 51 ball position ¥t field position 7:%
£ JEHE > distance e iE A% A om A AR o (£ - ) & 256*256
resolution,230m*230mm distance - H outside center position £ ball

center position %% & F R Imm e 4pi >t (£ 2 ) XV film + &8

\1

% > 600dpi, 25.4mm*25.4mm - o F Sficdp? Fougdl o HE B
X KRS A 2 2 Ikl G A o T ORER Medest rEe 2 B %

BRI EAL B AT Imm e
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G0TO G0T45 ¢G0TS0 GOTZ270 GOT315

G180T0 (r180T45 x180T90 (180T270 G180T315

Bl 4-1 % Fafzst L is 2 EPID # i

RRERE

GOTO G0T45 GOT90 GOTZ70 GOT3LH

G180TO G180T45 G180T90 (:180T270 GL80T315

Bl 4-2 % "eAest a2 2 XV film 2 i
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E

EPID 7 1SO Center &% &

outside position ball position distance(pixel) | distance*(mm)
GOTO (127.449,128.625) | (127.501,128.000) 0.627143 0.563448789
GO0T45 (127.581,128.693) | (127.002,128.001) 0.86154 0.774039844
G0T90 (127.799,128.666) | (126.998,128.203) 0.925109 0.831152617
GO0T270 (127.827,128.622) | (127.887,127.667) 0.956255 0.859135352
GO0T315 (127.840,128.674) | (127.997,128.003) 0.689698 0.619650547
G180TO | (129.965,124.924) | (129.714,125.000) | 0.262741 0.236056367
G180T45 | (129.909,124.798) | (130.001,125.003) 0.225147 0.202280508
G180T90 | (129.930,124.816) | (130.112,125.667) 0.869913 0.781562461
G180T270| (129.927,124.905) | (129.665,124.888) |  0.26193 0.235327734
G180T315| (129.549,124.785) | (129.332,125.114) 0.39474 0.354649219

*SSD=140cm - resolution is 230mm/256pixel =0.8984375

£ =

Kodak XV film 7 1SO Center 3£ % &

outside position ball position distance(pixel) | distance*(mm)
GOTO (552.245,506.723) | (558.225,522.335) 16.7176 0.707711733
GO0T45 (524.044,499.746) | (521.396,504.118) 5.11123 0.216375403
GOT90 (581.260,517.578) | (571.985,519.561) 9.485 0.401531667
G0T270 (568.556,497.164) | (576.135,517.718) 21.9069 0.9273921
GO0T315 (507.395,502.210) | (518.923,508.083) 12.9382 0.547717133
G180TO | (429.986,470.124) | (436.085,460.399) 11.4793 0.485957033
G180T45 | (452.834,477.144) | (447.826,470.275) 8.47965 0.35897185
G180T90 | (448.376,508.511) | (436.139,504.455) 12.8911 0.545723233
G180T270| (472.656,479.907) | (467.892,476.742) 5.71867 0.242090363
G180T315| (498.608,484.399) | (487.657,488.735) 117777 0.4985893

* For portal film resolution is 600dpi, 25.4mm/600dpi = 0.042333
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BB - WA ¥ U EPID & E - faf ok B a
YRR N RS HETEEAFL 2 AR FE SR
ERR PR R BLRIEA B B W s o B R - ¥ Kodak XV film
P BT R {2 ER PR T Fl G MR D2 R

F ¥ et EPID ¢ 3 & sk B R e XV film -

423D CRT MLC # % # 7

L¥Z CZREARLARE SHBE GRS IR T2

Iy

Frif gt A% Varian 21Ex E & 4cid B MLC £ 3 40 $enE # > 2 ISO
Center 5 ¢ % 8> & & Aside 2 Bside» &% 40 £ £ 2 - ¢ & if

Er (- ) S cRp s EEBREEL 05 (2 ) &4 R
25

ke

ESHBEERLIT S (2) Ba4dY o
1995 3D CRT it S rE @ chF » ¥ @52 MLC (B
4-3)c R P T OUF R > AT EER NSRRI R € 1 * D] 6 Hep

MLC 5 #7132 % # 1A~17A ~ 24A~40A ~ 1B~17B % 24B~40B 2 # # jE

N2y W
) -
r—%ﬁ-r» O°
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Bl 4-3 = 3D CRT #stin R 3= 31 #7319 MLC %4k

REfs 0 #-5L A 97 fE 18 ¢H 3D CRT EPID 8 8 & 4238 AJT 14 chis
G (B 4-4) 39 B2 ik 5 Bcdpts o L @ nstinf S8cAp i )1 e
e - BE S DRSEE (=)0

d 4= VUERAE3DCRT o MLC» /s 5 o) £ 5 B en
5 LA TRET 0 E S RS Ry )3T Imm o
S AR AT R A T 2 BAET A B ET R

% 3D CRT ez bfinf o
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W 4-4 2385 BB i 48 5 ARILE i
4 = 3DCRT £ % B4 i 4
ErSy | EY =R /| FREESEE /| FREY 2R/ Ex N1
cm pixel cm cm

Leaf 18A 0.78 9.483256 0.852011 0.072011
Leaf 19A 1.95 22.10655 1.986135 0.036135
Leaf 20A 2.71 30.82125 2.769097 0.059097
Leaf 21A 2.71 30.83135 2.770004 0.060004
Leaf 22A 1.99 23.00956 2.067265 0.077265
Leaf 23A 0.78 9.12616 0.819928 0.039928
Leaf 18B 0.8 9.126004 0.819914 0.019914
Leaf 19B 1.98 22.25887 1.99982 0.01982
Leaf 20B 2.69 30.02965 2.697976 0.007976
Leaf 21B 2.7 30.38611 2.730002 0.030002
Leaf 22B 1.97 22.03816 1.979991 0.009991
Leaf 23B 0.76 8.99935 0.808535 0.048535
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4.3 IMRT MLC # % 4~ 47

Dt

FCIMRT Scbfisf 34047 S1enfft > 7 @ 713 6 f§ MLC e

B 4-5 5 IMRT #5855 25 4197 8 5 ch MLC 48k

#-k o fE 7 eh IMRT 82 g A A28 A2 18 e i (B 4-6) ¥
B2 g D WS  R ERML R B R T i E - BE S
i 4% BEHE o

d IMRT $gtio B3t 3197 @ 0lenddic? B mTv A4 7B 7 ko
¥ MLC 7 & @ & » 4545 27 L5 9718 o1 IMRT EPID 2 e P 4p
oo A R B iR T B il (R o~ &) A AR

LD ARAviE BEET @ % 3 IMRT e b s B o

51



Bl 4-6 2 2 RAH o i 5 ASEE SR i
%2 IMRT % - 2 MLC ehE & HB# i
ErmoL | ESCE /| FEEY R /| FREY 2R/ A e/
cm pixel cm cm

Leaf 18A 0.03 1.223148 0.109892 0.079892
Leaf 19A 1.07 12.56793 1.12915 0.05915
Leaf 20A 1.93 21.71445 1.950908 0.020908
Leaf 21A 1.95 22.25081 1.999096 0.049096
Leaf 22A 1.07 12.6898 1.140099 0.070099
Leaf 23A -0.21 -1.55286 -0.13951 0.070485
Leaf 18B 0.76 8.590453 0.771799 0.011799
Leaf 19B 1.99 22.30002 2.003518 0.013518
Leaf 20B 2.5 27.96719 2.512677 0.012677
Leaf 21B 2.5 28.49441 2.560045 0.060045
Leaf 22B 2 22.60661 2.031063 0.031063
Leaf 23B 1 11.48453 1.031813 0.031813
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#37 IMRT % = 22 MLC ehE & B # i
ErmoL | ESCE /| FEEYEE /| FREY 2R/ A e/
cm pixel cm cm
Leaf 18A 0.33 4.45002 0.399806 0.069806
Leaf 19A 1.57 18.13661 1.629461 0.059461
Leaf 20A 2.26 25.81132 2.318986 0.058986
Leaf 21A 2.27 25.82001 2.319766 0.049766
Leaf 22A 1.57 18.08557 1.624875 0.054875
Leaf 23A 0.44 5.586554 0.501917 0.061917
Leaf 18B 0.73 8.346826 0.74991 0.01991
Leaf 19B 1.99 22.31 2.004414 0.014414
Leaf 20B 2.5 27.9388 2.510127 0.010127
Leaf 21B 2.49 28.2814 2.540907 0.050907
Leaf 22B 1.98 22.2711 2.000919 0.020919
Leaf 23B 0.98 11.13511 1.00042 0.02042
%> IMRT % = 2 MLC thE 5 B # i i
Ermy |y ESCE /| FEESER /| FREEY Y / A e/
cm pixel cm cm

Leaf 18A 0.68 8.12493 0.729974 0.049974
Leaf 19A 1.84 21.25855 1.909948 0.069948
Leaf 20A 2.48 27.95252 2.511359 0.031359
Leaf 21A 2.47 27.81933 2.499393 0.029393
Leaf 22A 1.83 20.71995 1.861558 0.031558
Leaf 23A 0.78 9.144583 0.821584 0.041584
Leaf 18B 0.73 8.35822 0.750934 0.020934
Leaf 19B 1.98 22.27938 2.001663 0.021663
Leaf 20B 2.48 27.82059 2.499506 0.019506
Leaf 21B 2.49 28.20154 2.533732 0.043732
Leaf 22B 1.98 22.25954 1.999881 0.019881
Leaf 23B 0.98 11.165 1.003105 0.023105
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%= IMRT %z %2 MLC ehE & B # i
Evms T EY oy /| FREY e /| FREY e /| FLwl
cm pixel cm cm
Leaf 18A 0.74 8.954003 0.804461 0.064461
Leaf 19A 1.96 22.61605 2.031911 0.071911
Leaf 20A 2.48 28.26943 2.539832 0.059832
Leaf 21A 2.49 28.24106 2.537283 0.047283
Leaf 22A 1.97 22.25608 1.99957 0.02957
Leaf 23A 0.97 11.20658 1.006841 0.036841
Leaf 18B 0.73 8.347862 0.750003 0.020003
Leaf 19B 1.98 22.27681 2.001432 0.021432
Leaf 20B 2.48 27.82911 2.500272 0.020272
Leaf 21B 2.49 28.29713 2.54232 0.05232
Leaf 22B 1.98 22.30215 2.003709 0.023709
Leaf 23B 0.98 11.10002 0.997268 0.017268
# N~ IMRT % 7 2 MLC 0§ ¥ i i &
ErWmy | G EYCE /| FEESEE /| FFEY =R / A/
cm pixel cm cm

Leaf 18A 0.74 8.90856 0.800378 0.060378
Leaf 19A 2 23.16654 2.081369 0.081369
Leaf 20A 2.5 28.51113 2.561547 0.061547
Leaf 21A 2.49 28.08554 2.523311 0.033311
Leaf 22A 2 22.50345 2.021794 0.021794
Leaf 23A 0.99 11.49932 1.033142 0.043142
Leaf 18B 0.64 7.568321 0.679966 0.039966
Leaf 19B 1.79 20.59324 1.850174 0.060174
Leaf 20B 2.44 27.71493 2.490013 0.050013
Leaf 21B 2.44 27.82991 2.500343 0.060343
Leaf 22B 1.78 20.21342 1.816049 0.036049
Leaf 23B 0.7 8.523104 0.765748 0.065748
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MRT % = %2 MLC % % B8 i

5 S 2R /| FrEEY R /| FREELEY ) EaE NN
pixel cm cm
Leaf 18A 0.75 9.023581 0.810712 0.060712
Leaf 19A 2 23.10865 2.076168 0.076168
Leaf 20A 2.5 28.50432 2.560935 0.060935
Leaf 21A 2.5 28.40356 2.551882 0.051882
Leaf 22A 2 22.80645 2.049017 0.049017
Leaf 23A 1 11.60567 1.042697 0.042697
Leaf 18B 0.23 2.788653 0.250543 0.020543
Leaf 19B 15 17.14985 1.540807 0.040807
Leaf 20B 2.21 24.93726 2.240457 0.030457
Leaf 21B 2.21 25.15594 2.260104 0.050104
Leaf 22B 15 17.13921 1.539851 0.039851
Leaf 23B 0.33 4.54632 0.408458 0.078458
MRT % = %2 MLC = T A5 v e
H S y [|FmES Y S WA E/
pixel cm cm

Leaf 18A 0.75 9.008343 0.809343 0.059343
Leaf 19A 2 22.89573 2.057038 0.057038
Leaf 20A 2.5 28.49304 2.559922 0.059922
Leaf 21A 2.5 28.50975 2.561423 0.061423
Leaf 22A 2 22.57893 2.028576 0.028576
Leaf 23A 1 11.36395 1.02098 0.02098
Leaf 18B -0.05 -1.00047 -0.08989 -0.03989
Leaf 19B 0.35 3.77356 0.339031 -0.01097
Leaf 20B 15 16.92453 1.520563 0.020563
Leaf 21B 1.46 16.76594 1.506315 0.046315
Leaf 22B 0.34 3.57832 0.32149 -0.01851
Leaf 23B 0.2 2.349654 0.211102 0.011102
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