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Customer Acceptance Procedure for Clinac(21EX-Platinum)

Dept. Radiation Oncology, Asan Medical Center

DongKi Hong, WooSeok Lee, KyungTae Kwon, KwangHo Park, ChungMan Kim

Purpose : For quality improvement in radiotherapy, it is important to set up and evaluate equipment (linac)
accurately. In addition, technicians are needed to be fully aware of the equipment’s detailed quality
and its manual. Therefore, the result of ATP is evaluated and introduced, in order that the technicians
are skilled by participating in quality assurance (QA) and understanding the quality of the equipment

before clinical use.

Method and Material : QA for LINAC 21EX (Varian, US) was done with suppliers its procedure was divided
into radiation survey, mechanical test, radiation isocenter test, bean performance, dosimetry, and
enhanced dynamic wedge and using X-omat film (Kodak), multidata, densitometer, and electrometer.
QA of MLC (Millennium, 120 leaf) attached to LINAC and EPID (Portal vision) were done separately.

Result : The leakage dose by survey meter was below the tolerance. In mechanical test, collimater, gantry, and

couch rotation were less than Imm, and the angles were £ 0.1 ° for digital and = 0.5 “for mechanical.

The alignment test of the light field and crosshair were evaluated less than 1mm. The (a)symmetrical
jaw field was less than = 0.5mm. The radiation isocenter test using X-mat film was less than lmm.
The consistency of light field and radiation field was less than £ 0.lmm. PDD for photon energy was
less than + 1% and for electron energy of 90%, 8096, 50%, and 30% were evaluated within the
tolerance. Flatness for photon and electron energy was evaluated 2.3% (tolerance 3%) and 3%
(tolerance 4.5%), respectively, and symmetry was 045% (tolerance 2%) and 0.3% (tolerance 2%),
respectively. Dosimetry test for short term, MU setting, rep rate, and dose rate accuracy of photon

and electron energy was within the tolerance depending on energy, MU, and gantry angle.

Conclusion ! Accuracy and safety for clinical use of Clinac 21EX was verified through customer acceptance

procedure and the quality of the equipment was found out. These can reduce the difficulties in using

the equipment. Furthermore, it is useful for clinically treatment of patients by technicians’ active

participations.
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1. Radiation survey

maximum energy(16MV), field size(40x40cm),
dose rate(600) X =7 gtc}
Gantry heado|l x-omat film o&%FS F2eld F
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Fig 1-1. collimator transmission
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Fig 1— 2. x—ray leakage



2) X-ray leakage

Hro| A 10cm, 100cme] Holx A A 3} X
Hol| A WM 244} survey meterE
Aota &89

0.1%7} d=] golek shet.(figl-2)

2. Mechanical test

1) Mechanical isocenter variation with rotation
collimator, couch rotation® front pointZ ©]-&3}
o] SSD 100cmell set updhi gantryE 0°(IEC)Z 3}
o] couch topell 1mm®] graphy paperE 2e{Eil
BHA7IEA ko2 E9lstn gantry
rotation #& front pointE couch E%dl| 21
gantry©ll 5-2sle] GantryE 3]s}
&g FRlgrh(fig2-1,2-2,2-3)

gantry &
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2) Light field, crosshairs alignment, jaw readout
calibration

7} Light field and crosshairs
GantryE 0°(IEC)dl] ©3=31 couch top7X] 9] Ag]
£ 10022 8} graph paper® <o =
30x30cmell A light fieldE 2915t &
A 1°0]o] B o A &Elit}

1L field size
A28 37X

H Asymmetrical jaw readouts

Light field and crosshairs®] set up 2A 3} B
”EH ol A field size upper indepen dent jawl3d} jaw?2

£ ZZ-8em™ 20cm< <13}l lower independent
]awliﬂ- jaw2e ~lem®@ 20cmE E<l3tc} (figl-4)

©}) Symmetrical jaw readouts

A3t 2ol field size 5%5em 30x30cmES &
(fig2-5)

&
&

=
Q.

Fig 2—-1. Collimator rotation Fig 2-2.

Couch rotation

Fig 2—3. Gantry rotation

2—-4 Asymmetrical jaw readouts

Fig
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Fig 2—5 Symmetrical jaw readouts
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3) Collimator rotation readout calibration

Collimator angle 90°, 0°(IEC),
o|&3la]  digitalzkt
t}.(fig2-6)

200°0 4 FHAE
mechanicalzt-s &1

4) Gantry readout calibration

Gantry angle 90°, 0°(IEC), 270°, 180°(IEC)°1]/\1 &
BAS o]gdla] digitalgt® mech anicalagts <13+
o} (fig2-7)

5) Couch mechanical motions

7} Couch rotation(fig2-8)

o |

—6. Collimator rotation readout

Collimatorg- 0°ol} & &3] 2t331 couch angle 90°,

0°(IEC), 270Z digitalzt®} mech anicalgtS #<13tc}

1} Couch lateral

< Age] 9Fm 3,
A 7lcm, 123cmelA
#olgt (fig2-9)

Couch topell 0ecm(IEC)
$Eo2 23eme 4% A

digitalzx¥ mechanical at=

) Couch longitudinal

Couch top®l isocenter® a1
140cme] T2 120cm3 150cmo.&
digital k-2 &<13tt}.(fig2-10)

crosshairs=

olF AFAA

Fig 2—-7. Gantry readout

Fig 2—8. Couch rotation
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Fig 2—9. Couch lateral



2} Couch vertical

GantryE 0°(IEC)ol] @32 1A AE couch  topell
233E3 9%6emIEC), Ocm(IEC), 60cmIEC)E 242t

o| &3t digitalats &Rlgtch.(fig2-11)
3. Radiation isocenter test

1) Gantry rotation

1

field sizeE upper jaw(yE)=

A0cml.E  lower
jaw(xZ) L 0.lemo.& €3 gantry angle® (°, 275°
angle©l| 4|

18°= g0 7} WAL S 2A}E)

th.(fig3-1)

275°

185°
Fig 3—1 Gantry rotation

Customer Acceptance Procedure for Clinac (21EX-Platinum) I

Fig 3—2 Light field and x—ray field test
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2) Coincidence of light field and x-ray field

Gantry 0°(IEC), collimator 0°IEC)& 3t TSD
100cmell A field sizeE 5x5, 10x10, 15x15, 20%20,
30x30cme.® &t x-omat filmS ©] &8t x-ray S
ZAYe) (fig3-2)

4., Beam performance

1) Photon depth of ionization

Large phantom= ©]-83l gantry 0°(IEC) TSD
10cm¥™  field size 10x10cmeolA oz 6MV,
15MVE dose rate 300914 ZFAlSled depth 10cmZ
olol| A S gttt
(figd-1)

Fig 2—11 Couch vertical
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Fig 4—2. Photon and Electron field flatness and symmetry

2) Electron depth of ionization

D&M 2UE set upFoA electron applicator

15x15cmoll A} olFR] 6Mev , 9Mev, 12Mev, 16Mev,

20MevellAl  30%, 50% 80% 90%2] depthE =73
t}.(figd-1)

3) Photon field flatness and symmetry

Large phantom= ©]&3l% gantry 0°(IEC) TSD
100cmY ™ depth 10cmol A field size 10x10cm¥}
40x40cmell A 6MV e 15MV-E Z2h7h £ 31e] radial
2} transverseE 11t} (figd-2)

4) Electron field flatness and symmetry

& 22U ZAA electron applicator 25x25cm
I 10x10cmollA] =] 6Mev , IMev, 12Mev, 16Mev,

AMevollA  Z+zte]  radial®  transverseS &3 3
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th.(figd-2)

5 Photon and electron field symmetry interlock

Symmetry interlock testi= 2%°]ollA] A A5}
photon< field size 40X40cmeoll Al 25 % - 75% point
= FaolA tllem  HE  AHANA  electrons
25X2%5cones o]-4std 1 09% - 90% point?} EAl|
A £10em He AFHCAA AAlERH DOS1, DOS2,
DS12, XDRS , TIME interlockss overrider]7] 3L
PFN servox= ON3&}il Dose Rate servo= OFFZ Al
7tk EI} Radials AlE = EXQlE
Transversex= EXQ2& overrider| 71t}

a3 Alge] B symmetryE 23 dte] ¥
HE 52 & URE dof i o|nlg AAlee
2A L symmetry interlock serve’} F4H ez 2
kA AlEshy] fla)A ol th.(figd-3)
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Fig 4-3. (A)symmetry Interlock scan calculation Actual total asymmetry difference =
Asymmetry(D; -D. ) — (D, -D; )

5. Dosimetry

1) Dosimetry worksheet

GantryZE 0°(IEC)° HAXA)17]32 dose rate< 3009
A MU 100& ZAFSF] Water phan tom3} PTW
ion chamber< ©]-83F photone ZAFE 10x10cm,
TSD= 100cmellA 2+ oA 2] Dmax®E 24 o)A
ZA8laL electron 15x15cone| A photon}

&9
UG 24 22 24,

d

o o

2) Short term reproducibility

Dosimetry worksheet®} Y set up ZAdA] 2+
Zre] oA mit}t 50MU, 100MU, 300MUZE 33 =34
g gho] ol Haghe] +1%olUle] FEgE|ofo}
gt

Equation (EQI)
Reading#2 }X100=ERROR

Equation . (EQI)
Reading#2 }X100=ERROR

Equation  (EQII) 1 : {[Reading#l-Reading#3]
Reading#3 }X100=ERROR -

1 : {[Reading#1-Reading#2]

1 : {[Reading#2-Reading#3]
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3) Reproducibility with MU settings

Y3 set upZ7olA photon low energy(6MV),
high energy(15MV) Z12]1L high ele ctron(20MEV)
AlA 50MUSH 300MUE 338] =3 3}e] olef2]e] Axt
#hol £19%0luol] 2= ojo) g}

50MU ERROR: {[2X 50MUAVG -100MUAVGl/
100MUAVGIX100=ERROR

300MU  ERROR: {[(300MUAVG/3)-100MUAVG]
/100MUAVG}X100=ERROR

4) Reproducibility with rep rate

TU3 set upZAlA photon low energy(6MV),
high energy(15MV) 18]1 high ele ctron(20MEV)
oAl 100MU, 300MU, 600MUE 33] 243} o}zj
21e] Aapgho] +19%0]ulol] Z3ts|ojok gt}

RR1 ERROR: {[RRIAVG - RR3AVG I/RR3AVG
}x100=ERROR

RR6 ERROR: {[RR6AVG
}X100=ERROR

- RR3AVG J/RR3AVG



5) Reproducibility with gantry angle

GantryE 0°, 90°, 2710°% set updstaa TSDE
100cm, dose rate300, MU100S FA}She] 33] =3 &t
grol ol Aol A £1.5%0 Mol E3w|ojo} Fhc),

N°ERROR: {[H°AVG -180°AVGY/180°AVGIX100
=ERROR

270°ERROR: {270°AVG -180°AVGI/180°AVGIX100
=ERROR

6. EPID (Portal vision)

Exact arm< mechanical test®} acquisition test®
vhro] AAISF mechanical test® arm calibration
vertical movement, travel range, position accuracy,
collision buzzer, interlock, override® A|&3}s}3
acquisition tests= vision application, test condition,
test radiation®. @ 535} &olglict

71 Calibration

gantrys® O0°(IEC)Z 3l arm@  position®]
isocenterell A vertical, longitudinal, lateral®gko 2
ol FE Wl tlmmelol] E&x ook s}

O AN 2=

L) Vertical movement

Fig 6—1 phantom set up
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exact arm®| position®] vertical, longitudinal,
lateral#©] 0, 0, OcmellA 60, 0, Ocme 2
W ZHE AH A o] FH Fhe) AolE
AoR <2mmelie]ofol gt}

o BRE

BHleh=

ch Travel range

59 olBHAE Y, # Y, o e >4emit)
Aokstn HEel o]FHAE Xi # X, o Fe =
3l.8cmM e} FAokgity.

2} Position accuracy

GantryZ} O°(IEC)¥™  exact arm® vertical,
longitudinal, lateral®] 2T FHS Folalm 180°(IEC)
ol 2Egke] Apolzb <2mme]lfo]olof Fir}

8%l collision buzzer, interlock, overview3 2+
g gl

portal vision calibration phantomZ couch9l9l set
updt AZ05mme YIZEMS phantom$ol <8
F31 6MV, 15MV-E 10MU(dose rate 300) =AFsh
9= 2EYP S e Holg A oRE ol
phantomWol] 214 9 9Rgke] Hol: A
gl gt (figh-1)

MooL 9 o

™
al
=
=

Fig 6—2 Portal vision phantom



7. Millenium Multileaf Collimator
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Mechanical test®} radiation test® T-¥-5f] AA|8}

] mechanical testt Linac CAPY]

(gantry, collimator

rotation,

field

el P2

light

and

crosshairs, collimator read o ut calibration)E3Heaf

positioning,

positioning repe atability &

OE‘—I

leaf travel time and travel

range,

Q18P radiation test

+ gantry, collimator spoke shot, coincidence light

field and x-ray field, leaf transmissions

OE—1

Q&)

collimator transmission WAYSFA] gkotom HEAL
A3} 4249 leakages 0.1%°| WA E3E A
th(tablel-1, 1-2)

2. Mechanical test
collimator, couch, gantrye] &A% ZHAS ZAlok
2mm®} 10mmollA] 21 gk 23} ImmeolWe] F41%
¢toll A st AE & 4 ATk (figl-1)

light field®} crosshairyes lmme|WellA] &5z

symmetry jaws +05mmelW S il asymmetry jawt:

1II. 724 j1_|- upper, lower jawR2 % +05mm ©|WHZE Q1 & 4 ¢}
At (table 2-1, 2-2, 2-3)
1. Radiation survey
Table 1-1. 15MV, F.S:40%x40cm, Dose Rate 300
=5 & a Gantry 0° Gantry 90° Gantry270° Gantry180° |
B < Photon Neutron Photon | Neutron | Photon | Neutron | Photon | Neutron |
x| =4 2-10cm 3.5mR/hr]  3.25mR/hr| 1.4nR/hr] 1.05nR/hr| 3.6nR/hrl 1.4mR/hr]  3nR/br| 2. 70R/hr]
X724 2-100cm | 1.7mR/Mhrl  2.6nR/hr| 0.75mR/hr] 0.65mR/hr| 1.95mR/hr| 4.6mR/hr| 1.4nR/hr| 1. 1R/
=54 orZ OmR/hr OmR/hr OmR/hr|  OnR/hr
XA HPZHE 1 0.01R/hr| 0.235nR/hr OmR/hr|  OmR/hr
Dry Area 1 (21%)| OnR/hr OmR/hr[  OmR/hr|  OmR/hr
Dry Area 2 (2| %) OmR/hr OmR/hr|  OnR/hr|  OmR/hr
2R =4 OnmR/hr OmR/hr
1 ’f,]?‘lﬂ’é oF "iet . _ 0.7oR/brl - OnmR/hr|
Table 1-2. 15MV, F.§: 10X 10cm, Dose Rate 300
=N A Gantry 0° Gantry 90° Gantry270° Gantry180° |
o ° Photon Neutron Photon | Neutron | Photon | Neutron | Photon | Neutron |
x| 2AM 2F10cm  |4.4nR/hr [6mR/hr 3.3mR/r |4.35mR/hr|[4.4nR/hr [4.5mR/hr |3.70R/br |4.20R/hr |
%24 2 100cm [1.95nR/hr|1.75nR/hr[1.65nR/hr([1.6nR/r [2.1mR/Mr [1.9mR/mr [1.8mR/hr [1.7nR/hr
51
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1mm 10mm
Fig 1-1. Rotating zxis examination result of Collimator, couch and gantry

Table 2—-1 Value of light field and crosshair

Mechanical check Specification Actual
Crosshair intersect <1.0mm <1.0mm
Light field & rotation <1.0mm <1.0mm

Table 2—-2 symmetry jaw readout

) Specification Actual
Mechanical check
Upper(Y)/Lower(X) Upper(Y)/Lower(X)
Light field size 5xBem #1mm 5.05x5.0mm
Light field size 30x30cm £lmm 29.95x30.05mm

Table 2-3. Asymmetry jaw readout

Mechanical Check | Specification Actual Mechanical Check Specification Actual
Upper jaw Y1 -8cm £1mm ' -8.0cm Lower jaw X1 -lem £ 1mm -0.93cm
Upper jaw Y2 -8cm *1mm  -8.0cm Lower jaw X2 -lem *1mm -0.95cm
Upper jaw Y1 20cm £1mm - 20.0cm Lower jaw X1 20cm t1mm | 20.05cm
Upper jaw Y2 20cm *1mm | 20.0cm Lower jaw X2 20cm £Imm 1| 19.95cm .

52
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collimator, gantry, couch®] 3]A-& =hako] wla} 4
FAE  digital @

BAE

o) g5}l

AArsta
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Table 2-4. Collimator rotation readout

couch® lateral, vertical, longitudinal2 +2mme]d|
solee Ae st (table2—4 --2-9)

Mechanical Mechanical
Collimator angle Digital Specification Digital Actual ) _
Specification Specification
90° +0.5° -0.1° +1.0° -05°
180° +0.5° 0° +1.0° -0.5°
270° +0.5° +0° £1.0° -0.5°
Table 2-5. Gantry rotation readout
Mechanical Mechanical
Gantry angle Digital Specification Digital Actual B
Specification Specification
0° £0.5° 0° +1.0° 05°
90° +0.5° 90°1 +1.0° 80.5°
270° =0.5° 270° +1.0° 269.5°
180° #0.5° 179.9° £1.0° 180.1°
Table 2-6. Couch rotation readout
Mechanical Mechanical
Couch angle Digital Specification Digital Actual _ o
Specification Specification
90° +0.5° 90.2° £1.0° 90.2°
180° +0.5° 0° £1.0° 0.2°
270° +0.5° 270.1° +1.0° 0.2°
Table 2-7. Couch lateral readout
Latral position{{EC) Digital Specification Digital Actual
977cm £2.0mm 9771cm
Ocm +2.0mm Ocm
23cm +2.0mm 229cm
53



Table 2-8. Couch vertical readout

Vertical position(IEC) Digital Specification Digital Actual
9%65cm +2.0mm 965cm
Ocm +2.0mm Ocm
60cm +2.0mm 59.9cm

Table 2-9. Couch longitudinal readout

Longitudinal position(IEC) Digital Specification Digital Actual
120cm +2.0mm 120.1cm
150cm £2.0mm 150cm

3. Radiation isocenter test
Gantry®] 7452 05mmeluio]™ light field®}t x-ray fielde] €214 ZHARE 05mm oW & #l=9u) (fig3-1)

. . [ Y [ 3
L -
- . “ L 4
Fig 3. coincidence of light field & x—ray field
4. Beam performance electron< 9096, 80%, 50%, 309, Dmaxclx] &%)3)
) ABEE qUA (6, 9, 12, 16, 20Mev)dllA] 71Zd] =
O

Photon® electron o9l PDD#HE  photon oot AL BAFAT. 227 photonTh electron®]
= AL

6MV, 15MVe| Dmax?t Zt2b 1.5cm¥} 28cme.2 7] symmetry$} flatness Ahe 7|20 £ate)
FAHET £0.1eme] AolE B o™ depth 10cmell 2 2 919t} (tablod-14-2)
A9l PDDE 1%eldle] E0le® AL s xn
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Table 4-1. Result of Electron of symmetry and flatness result

Energy/Field size Flatness [ Actual Symmetry Actual
Electrons
Electron #1 25X25 Radial +4.5% 1.25 <2% Within central 80% 0.27
Electron #2 25X25 Radial +4.5% 0.78 <2% Within central 80% 0.07
Electron #3 25X 25 Radial +4.5% 0.6 <2% W ithin central 80% 0.08
Electron #4 25X 25 Radial 14.5% 1.28 <2% Within central 80% 0.12
Electron #5 25X 25 Radial +4.5% 1.43 <2% Within central 80% 0.06
Electron #5 10X 10 Radial 1+4.5% 2.52 <2% W ithin central 80% 0.23
Electron #4 10X 10 Radial +4.5% 2.18 <2% Within central 80% 0.2
Electron #3 10X 10 Radial +4.5% 2.21 <2% W ithin central 80% 0.2
Electron #2 10X 10 Radial +4.5% 1.72 <2% Within central 80% 0.19
Electron #1 10X 10 Radial 5% 3.29 <2% Within central 80% 0.21
Electron #1 25X25 Trans +4.5% 24 <2% Within central 80% 0.54
Electron #2 25X25 Trans +4.5% 2.15 <2% Within central 80% 0.67
Electron #3 25X25 Trans t4.5% 1.73 <2% Within central 80% 0.54
Electron #4 25X25 Trans t4.5% 0.85 =2% Within central 80% 0.15
Electron #5 25X25 Trans +4.5% 1.42 <2% Within central 80% 0.26
Electron #5 10X 10 Trans +4.5% 3.63 <2% Within central 80% 0.12
Electron #4 10X 10 Trans +4.5% 2.97 <2% Within central 80% 0.17
Electron #3 10X 10 Trans +4.5% 3.23 <2% Within central 80% 0.3
Electron #2 10X 10 Trans +4.5% 2.5 <2% Within central 80% 0.24
Electron #1 10X 10 Trans +5% 3.45 <2% Within central 80% 0.19
HDTSe-36X36 Radial =2% Within central 80% 0.2
HDTSe-36X36 Trans <2% Within central 80% 0.57
Table 4-2. Result of Photon of symmetry and flatness
Energy / Field size flatness |Actual | Symmetry Specification | Actual
High X 10X10 Radial 3% 2.17 <2% Within central 80% 0.22
High X 40X40 Radial +3% 2.01 <2% Within central 80% 0.45
Low X 10X10 Radial +3% 2.22 <2% Within central 80% 0.44
Low X 40X40 Radial +£39% 2.36 <2% Within central 80% 0.18
High X 10X 10 Trans +3% 2.13 <2% Within central 80% 0.14
High X 40X40 Trans +3% 1.87 <2% W ithin central 80% 0.22
Low X 40X40 Trans +£2.5% 2.02 <2% Within central 80% 0.22
Low X 10X10 Trans +3% 2.47 <2% Within central 80% 0.23

&

4g

T3+ photon® electron beam®| symmetry served]

golslr] $1%F symmetry interlock HAAME

[«]
Ae
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transversex 1.78%9A] AAAocw Zzde AL
gol & 4 3k

5. Dosimetry

Beam outpute photone 6MV7}E 12} S of A
103.7%3 ©- 221 ZAMIN%E  ZHsRn
1IBMVAME 12 230] 1039%A3 1 221 =% oA

1001%2 233932 electrone 6, 9 16 20Meve]
AR E 05%IHA Y 12MevE103.2%7F &4
o] 9%z 2A stk

ANEE Arbe ZF uAE, MUERE £33 data
g Folzl FHom BAMdle] £ ZAishort term,
gantry angle, rep rate 25 1%l Aighke
=21 & 4 UYL gantry angle®] ABAE HA=
+1.5%° ol Ejlo] 71535 thtableb-1--5-6)

Table 5—1. Short term reproducibility Low data(Average of 3th measurement)

50MU 100MU 300MU
15X 2,014 4.024 12.085
6X 1.718 3.436 10.313
6E 192pC
9E 2.627
12E 4.004
16E 4.245
20E 2.149 4.297 12.87
500MU 1000MU 3000MU
HDTSe- 2.618 5.256 15.79
Table 5-2. Short term reproducibility result
MODE SOMU 100MU 300MU SPEC
EQ 1 |EQN | EQm [EQ I |EQN | EQWmM |[EQ 1 |EQN [ EQMN
15X 0.05 0 0.05 0 0.05 0.05 0 -0.02 -0.02 +1%
6X 011 0 011 -0.12 | 0.03 015 | -0.19 0 -0.19 +1%
6E 0 0 0 1%
9E 002 | 004 | 011 1%
12E 0.02 0.02 0 +1%
16E 014 | 005 0.09 %
20E 0 014 | D14 | 014 0 014 0 -0.08 -0.08 +1%
500MU 1000MU 3000MU
EQI |EQNI | EQm [EQ I |EQN |EQW |[EQ 1 |EQN | EQMN
HDTSe- | 0.11 | -0.27 03 | 02 | D02 01 -0.06 0 -0.06 +5%




Table 5-3. Reproducibility with MU setting result
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Mode Specification 50MU 300MU
High X (15MV) *1% 0.1 0.11
Low X (6MV) *+1% 0 0.05
High E (20Mev) 1% 0.02 -0.16

HDTSe- *+1% -0.38 0.14

Table 5—4. Reproducibility with Rep Rate of low data and result

Mode 100MU/min B00MU/min 300MU/min
High X (15MV) 3.464 3.444 3.456
Low X (6MV) 4076 4.067 4.069
High E (20Mev) 4.321 4.288 4292

Mode Specification RR1 RR6
High X (15MV) 1% 0.17 -0.05
Low X (6MV) 1% 0.23 -0.35
High E (20Mev) +1% 0.68 -0.09

Table 5-5. Reproducibility with ganiry angle of low data

Mode G 0° G 90° G 270°
Low X (6MV) 3458 3.447 3.46
High X (15MV) 4074 404 4068

Table 5-6. Reproducibility with gantry angle

Mode Specification G 90° G 270°
Low X (6MV) +1.5% -0.32 -0.05
High X (15MV) +1.5% -0.49 -0.15

6. Electronic Portal Image Device(EPID) ZA}

Exact-Arme| g&stA Fztete A 213t] 9
sl positions HBASET  vertical, longitudinal,
lateral S ©]&3 Az 05mmellld] EIHI:
(table6-1) vertical®?] Move mentE longitudinal,
lateralo]0/0cm¥ wWje} -60/0cmollA] ze]E &3t

A3 2% 1mm o|Wich(table 6-2) T3 Y& X
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o] o] E Yio] 199cmeliL Y27} 24.1ecmoZ
441cmelga X&HE X1, X2 EF 16cme 2 32cme]
Aok a8l position®] HEEE  gantryZb 0°
180°TEC)Y v vertical??} longitudinal®] Z+2 0.5mm
oY 2 FIH AT

(table6-1,6-2)
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Table 6—1. Position calibration

Calibration check performed at target position0.0/0.0/0.0cm(vrt/ing/lat)

Displacement between displayed
Axis Displayed position True position position and true position

specification actual
Vrt Omm 0.5mm <lmm 0.5mm
Lng Omm 0.5mm <1lmm 0.5mm
Lat Omm 0.5mm <Imm Omm

Table 6-2. Vertical movement

True position with Difference between true position

True position with
Axis ExactArm at 0 and -60cm

ExactArm at 0/0/0cm L
-60/0/0cm specification actual
Lng 0.5mm _ 1.bmm <Zmm 1mm
Lat Omm 1mm <2mm 1mm

portal imagee] BT ABE AAe A% 05mm  FYE Folek 2rh (Fig 6-1
o] Yyzasso| MusiA Jehtem phantom$] -]

Contrast Rusotution Chask

Vastpamens | %o ol reie G TL

Spoctication __ | Ses previous page

ProtonEnergy | b MV owX) T L wmv haw)

N ) (Rop Rate: 4 )| b M (RepRate 1)

[ e vy o

Actuat % Mark vinble holes on image below X Mork wisible hotes on image belaw
s d 71 d
YY) B )
Feo 0@ yed D@
RN 21 &) e O
e @ o0 E)

Image 1 [ ST N X Y

Filo. e o S

{Photon Enorgy oMY (Hah-Xy

Oaso 3. my (RepRate. 3 }

Acqu. Quabty High

Aceat” T3 Mark visibte notes on imags baiow
g XX
Y -2e)
e
RSB
..Qoo®

tmage 1 2 SR

Fite e 4 -
Sgnature: S Ose I

0.5mmy ZE4
Fig 6—1. Contrast resolution check
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7. Multileaf collimator (MLC) ZA} A om(table7-1) 12070¢] leaf”} isocenter® FH2
2 A AHEHJew  (fig7-2)  gantry 9}
collimator®] spoke shot®= Immeo|iollA] &<lo] =
At (fig7-3)

MLC2| 71414 HAAFE leafe] positione] 7% ga}
Al s A AR A3 05mmel el F2E

Loaf # MLC Plan Actuat Measurament Deviation
im3 settings) A B Specification
5.00m
1A1B [1.00 ) mm L. mm £1.0mm
§.00c .
AN (.00 an) . mm mm t10mm
5.00am
7 ES2
AITE: 11000} mm mm Tomm
5:00cm
1OA108 13 00y mm i mmn £ 1.0mm
5.00cm - .
138138 (1o0amt mm ‘ mm £1.0mm
5,00cm
16A/16B .00 cm]. mm . mm + 10w
5.000m .
TOANEE 100 cm] . mm < mm +1.0mm
5.00em
. . it
2A228 [1.00 e mm mm +1.0mm
S{0an
25258 (0l mm E om £10mm
28A/288 &:00am ’ mm mm + 1.0mm
31AR18 5.00em S04 mm mm +10mm
MAMB S00m {08 mm mm +1.8mm
I7AITB 5.000m e mra mm +1.0mm
ADAJOB 5.00cm 4 mm m +1.0mm
43A/438 5.00cm. f,ogs  mm rm +10mm
4BAMGE 5.00cm ~ mm - men $10mm
40AMOB 5000m ,” mm . om £1.0mm
52A7528 5.00cm Y mm . mn +1.0mm
SHAMS58 5:00cm 5 mm . mm £10mm
5BA/SSB 5.00em . mm ‘ mm *1.0mm
S0ASBUB 5000m " mm ’ mm + 1O mm

Table 7—1. Check sheet

3 %

¥ U

Fig 7—2. MLC alignment test
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Spoke Shot

Sale; Varian [EC

Fig 7—3. Collimator spot short

V. 8 =

Survey meterg ©o]-&3le] =% 3 leakage= 318
Hololgte] Mol HZEFU3L mechanical testolA]
gantry, collimator, couch® &A% ZAF=Imme]W
Fom Skl E  digital  t1°°|dle|q
mechanical-& +5°°] i3t}

3 light field®t cross—haire] 244 AALE 1mm
ol  HrIEUa field=
upper/lower 25 +0.5mme] st} radiation isocenter
test?] gantry®AE ZAAFE 1Imm ©]3a light field
9} radiation field 9 4244 HAARE £lmm oW ow
Ag 24 E ol8ste] =43 PDDT photon
energys +1% °JH 3L electron energys 90%, 80%,
509, 30%5 43 23t 38 = WA HrH=A
t}. photon@} electron energy® flateness= 242t 2.39%,
3%olHe] i symmetry+ 045%, 0.3%e]WHct zela
dosimetry teste sort term, MU setting, rep rate,

(A)symmetrical  jaw

dose rate accuracy= photon¥} electron energy®®
MU} gantry angleS WH3IA|71HA S8 43} 3¢
HY extolujell &= AL 1 & F Udrh
EPIDS] position ZHARS  vertical, longitudinal.
laterale] 0.5mmel3tR L vertical® ©]FHAIE 1Imm
olsl= Hr7IEUTE T8l imaged IAMAE A=
05mmy A& del AdatA Jelstom exact-arme

A, olFs 7IAAQ] AAEE 7oA s ATk
MLCE leaf position®] 05mmelWielA] #H&sHA
FABIE o™ leafe] WiEE 1lmmeo|tolr FHEen
gantry$} collimator®] 1mme]wellA] &<l i}
CAPE A 8717t H&atA AAHAeA Fstn
Aed Arieted oA ul§ Faske ARERE
Avle] 5485 metsla ofslistet B2 Lgo] H
W 2} X' Al A bAde #Ejlskn
ZI71E AR BHE 29 4 slolA
Al BAEE A 7] oERE
o8 Azbdr)

1. Faiz M.Khan : The physics of Radiation Therapy,
3nd edit, Williams &Wilkins, P432-441, 1992

2. Yong Yang PhD : Quantitative Measurement of
MLC leaf Displacement using an FElectronic
Portal Image Deive, 15th ICCR May 10-13, 2004

3. Varian : high Energy C-series Clinac CAP, 1998

4 &892, AuH, 785 odnd AP
ZIAA AAE A% AR A ZEEZ9
7N, ejtEe] A13d Al3s, 2002

5 A5, MEA, HEPT ARG dYE o83 o
FrIE71e e, ofgkEulA] 148 A3%, 2003
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OFARHEH MZotated ol dAlM B okstat
571, ol A, A4H, g5, AT
= & gate] A gel oA ek Agule] dX|et AT Hrle A Rme As AT T8
sagtn @ 4 o AR Aol BT AME WS gty 458 Fadshe Aol
of-¢ F83sitta A3t aeg WA X878 dRstn AR X REE S] Hell ARE
7Y AR Al Aok e Hotel| Feldtm 545 et olsiste Zlo| Basith 2

ATMe CAPY H He Hr/PEHE aulstaz) ok

CHaf 2 W 1 M371E7] 21EX (varian, USA)E WA o = AX] A5E A A A7 A A4S Hoks
Pi AeH7Ie= ZA radiation survey, mechanical test, radiation isocenter test, beam
performance, dosimetry, enhanced dynamic wedgeZ T-£3Fd X-omat film(kodark), A% &
7 74| (multidata, densitometer, electrometa)E o838t AA|SIH T 3 XA 71&E7]d B4
H MLC(millenium, 120leaf)$} EPID(portal vision)8] 4% Hrle HE2 AASA T

A Tt Survey meterE ©]-83te] %3 leakager 8 WY oldle] A&l HEE AL mechanical
testol| A collimator, gantey, couch rotatione lmm ©|3}g 32 S<to = #7138t angled digital
o] z1°o]lol| mechanicalS #5°0]igit} =3t light field$} cross-hair®] XA ZHAAIE Imm
o2 Hr1EdE (A)symmetrical jaw fielde= upper/lower =5 £0.5mmelHHth X-omat
film& ©] &3 radiation isocenter test= 1lmm ©]3} 1 light field®} radiation field ¢} LX]A4
ZAAVE £lmm oG o™ M % A¥E ol&3sld FA3 %DDw= photon energye 7
+19% o2 electron energyx 90%, 80%, 50%, 30%% &3 3 Axt 38 ¥ Wolo H71=
At} photon # electron energy® flatenesst 212}t 2.3%(715 3%)olW, 3%(7]5 45%)°| W]
3 symmetrye 045%(71F 2%), 03%(71F 2%)°lWldlM 7t & £ Aok =z
dosimetry teste sort term, MU setting, rep rate, dose rate accuracy= photon} electron
energy M= MU gantry angles #FH7VEA S3e A3 3 8HH 2xtolld 2=+ 3
< & & 4 e

EPID(portal vision)®] Exact-Arm®] 7|A& <] HA= vertical, lateral, longitudinal-2- &]-8'4
4 Welld FAFon "dn = HAE 06mme YaAEHe] HAHstAl uehgor
phantom® 9% FeldHA Velsdch
Multileaf collimator(MLC)ZAAFE leafe] isocenter®] 4ol AE&HA wjdE Ao AEHA

Az FRH oz Fasish

el
=
o HHEE FRl F & den A& e HHsKEr 9
A ] ARl SlolA ofH &S AaAE ¢ glowetn 4t
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