BGEHEGE, F 124 % 19 20004

AAReE BN R2EAA 20 2 F44 2B
Apgayd GAAF S
UAFES -0 M .x=H3F - uxfY
I.4 =3 lator) = AJH0E W F85& Fujojn o]y
8 conventional simulator®] 7153 CT scanner,
HALA X 3o 2o Zopxzzd s Augar 3D planning systeme FAFoEH o]FolA
o Aze == Ao AR ARxHe CT simulator/3D planning system& 7}7h& 7
= HAad9 AT == Aojth o gsa Aol H&3E FFCE conventional simulator/
= EAgRR = #xe ¥A, =R 2D planning system& WAZ Aoz AZET
283 AANXA, NEY AFY, AT AR
3 ztd, FAS A9 A8, A5 AF 2 . CT simulator® F4
A 59 JAEL dF EAEAT 2400
o)HF 2AXEL FFEAE F e AY IR B9o] Ao 3D RTPEM PickerAte]l AcQ
AT a4 AN 9F RIXNEAAET CT  pland AHESE virtual simulation software(AcQ-
gigol Ad XA gl 713 dHE b sim)9 3D RTPE 72+ workstationo] A A&
A gEol MALAA R AME 33U WAMA sz YA, A AS E 1 CT simulators
A 5AYED RTPYL.2e 2dE 7FAStE 3 1) CT scanner 2) graphic workstation(virtual
A ALY X2 A G A Fr)Ael HE A gimulation) 3) patient position alignment system
AR AFZRES A AN GAE 788 2|2 o9 interfacedtE 4) 3D RTPE olF
XA E F Jdve Helth o} Ft},
o} & gk ”a‘ Aog s XNERFEF A o CT scanner= 3MIth F& 4Mt) 249 spiral
Zigl ol st AMZHE FA2AE 7 Al™, TR scanningd HolE 9 AFAL 9% CPUY 2@

9] conventional simulation®] % %44 (target vo-
lume) 8] 9X& AR, 79 A5 AW
o mat ¥e Ha, W ‘%‘ﬂ HE HAdste
ZAGel B A g wd
= TYEAY BEAbs ARA ]% B35t
3 7188 E A HAHgee A8 B ALE
ol e & YA BoEN ALY AFEEFA
A HFEdy Atk oled 3D RTPY 7%

& FY3=d 7 N EFFAA (virtual simu-

g2 vojy 59 e FE3A A=A
ovj, gite] d 3 FHY CT scanner$&
23 ge Aozt ok, o)l & K| spiral scan
A7t 79 e HolBo] A&LHo g o]F 3}
59 X-ray tubert A3t AF e HolH
35 walS @l FH9 conventional CT scan-
ner7 50 cm®] Hlo]E (8 mm slice thickness)E €
=t Al Zro]l AQ5E ¥ gpiral CT
2T 18 AT AlZbo] A8 HTH

l

rir FIO o

=]
¥ gEe
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# 1. CT simulator 4"

CT scanner

aperture >70cm
minimum slice width 1 mm
minimum slice spacing 1 mm
minimum (spiral) pitch 10

spatial resolution 10 line/cm-1

Acqusition and recostrution time

60 slices(ideally)
axial {10 min
spiral {5 min
Memory requirements
Mass storage
axial 1 Gbyte
spiral 2.5 Gbyte

Virtual simulaor(work station)
DRR caculation speed

coarse (1s

fine resolution (6s
memory (minimum) > 64 Mbyte(60 slice)
Mass storage({minimum) > 5 Gbyte(200 pt)
CT data transfer speed >100 Mbit/s
laser marking t1mm

Graph1c workstatione ™7/l AL CT scan-
ner¥t @202 AAHv], CT scanner$ 3D
RTP systemel A= 93, virtual simula-
tiongd o] &3ted FAdR-99 A4, ¥ 4A, DRRs
gael ATA, AFAM AZAY AF T
N5g Tyt

Laser alignment system< &3 simul lator9
alignment system¥ FAFIY, FF9 sagittal
laser’t #F$2 o|F8lH isocenterg EAl &
UEE 31 ¥WiHo] AX ¥ laser alignment sys-
tem®) isocenter®t CT ZWE=zZ] We] lasere 9
A% A" FE 1ol A virtual simulation
Aol isocenter FEE AlME] E F YT

Zk3

. Virtual simulation®l A4d

A eEE 7} NEEZE(CT virtual simu-
lation) 9] MEe NFRFEZXY "Holgd &3
7t -4745}1 IME CT g7 o8 A+4
d 7b4e) A (virtual patient) & HFLE si-
mulator ¢ 7EL% AL P F UEE 37
g3 == ae] AHE ALY Sherouse” ol
g8 A=A

Virtual simulator® conventional simulator®|
Aole ® 2014 RiE uwpe} Zo] o] &ste 4
o s 7} & AolE yvebdth conventional
simulation®] 217+ fluoroscopy B3+ plane film
g o)gdta W AAE T TIEAE LMW
o} 8= WA virtual simulation® CT H°lE <]
o8 doj CT F4 Ad AFASLE GTV
(Gross Tumer Volume) BEAM e 2R IR 3}
A79 DRRs &2 DCRs %4l wire frameS &
U= %"J—?‘—H% Hlelo 2 X JZE 3k

Virtual simulation®] el&ig w4 & T
A A LHES trsorsts B BEHEE

&3 r\o

ZAANF T, ARE CT 43 i]i position 9}
2t o] of A /\g7]1—- GTV @;(494 OE ES
gom 829 skin &7 FAE A3 o3}

= 29 AJATE EFUSEH
mulation A1+ #AaAZE F AT

AAAQ] si-

1. DRR(digitally reconstructed radiography)
and DCR(digitally composited radiog -
raphy)

DRRs# DCRs¥ CTol <& g53% A d
o] E] (volumemetic data)& sl 18 1olA H
o] ¢Jale] 3 H(source)oll A FAk(projection)
o] K39 FiH(divergence) & YEME F Sl
TE AgstA ATFAE 94e L3 Goiteint
Abrams”7} tatd AEAY ZzIaPe A
A IRY AHEE AR 71Edd DRRs
gate] A HAE Ray tracing, Interpolation, Line
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¥ 2. Conventional simulator$} virtual simulator®] ®]x

Function

Conventional Simulator

Virtual Simulator

Locallization

Anatomical and target visuali-

zation for planning

Treatment field design

Design of beam shielding

Patient marking

Verification

Port image

Visualization of patient in treat -

ment position

Check of manufactured shielding

Collision avoidance and treat-

ment sel-up capability

Radiography film

Fluoroscopic examination

move wire during fluoroscopy
Marker pencil on radiographic
film’

Pencil marks on film

field, center mark on patient’s
skin

radiographic film or fluoroscopic
image

walking in the room

Attach to accessory tray and
check radiograph

Visual check

Mechanical interlocks

Digitally reconstructed radiography
(DRR)

CT plane image and DRR

control of field size and position in
CT scans and DRR

contouring of portal shielding
Laser system with control of CT
table(usually point marks only)

DRR of portal with CT window
and level control

Room’s eye view(REV) using ren-
dered 3D display of patient struc-
tures and CT data

Not available

solid model calculation of treatment
geometry infringements

32 1. DRRE A7A
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Gantry ||

a2 3 #4% 9nhd A8E A% DR 94

U

integration, Gray scale mapping?d 494E&
3 oo Pie d2 AF dlolE (volume
data) 9] ¢1x} 2 Voxel size, Spacing, Interpola -
tion method &l <3| H&gE Wt
DRRs(28 2)2 plane film3 A %47l
GTVY organg wire frame® & Vel g Afol
2 DCRs(Z1® 3)& DRRAY ®e &4k (bean
divergence) & 7FAH AMEA7) date RS
FERSAUL AAsE, d3te IS 1A T
o A& E o] Xt}

IV. CT simulation® #A

(AMEA 2 CT simulation #3)

1. patient set up on CT scanner in treatment
position

2. Sagittal laser alignment mark on patient
skin

3. CT spiral data acquisition

4. Target contouring or Reference point mar-
king and patient leave

5. Reference point marking

6. Leave patient

7. contouring remaining target volume(GTV,
CTV, PTV and critical organ)

8. Virtual simulation(treatment field, block, beam
angle design)

9. Export 3D planning system for dose calcu-
lation

10. Verification(Room’s view, Beam's eye view,
DVH)

11, Print port film. print information

1. gxtng/dole #

ta acquisition)

& =(Immobilization/ da -

A58 7lsketd W 2AM fE 334
WAkl A 2AE FA FA B U FQ
3 Qats FA7F U AR AAE AEHA
FAE £ AEE BRAHAACE shE Aol
CT simulationAldl #x19] Ag A= diolE
85 o]%& CT scannerel A virtual simulator =
3D RTPE A$3E F¢t 718842 AR
o] dxE F UEE AMEA] 73 WP
2 aAHAA} s FHFAHALEE X7 AR
AA 7L i S A A EAHAM AME € F
Aefof strt,

dole 5L XN gAY EFq 2FPHE
E AW E AHE, AT 4 IHS

slice thickness, pitch factor, reconstruction ima-

O

mln rlr
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ge slice, FA A%, DFOV £9 <z =&
ARz A op o AQE) A 9
= scout F2 pilot AAL AAF CT A

&

2 dlolElol A ol 3 ¥9j9 YAE Felay
7 & w DRRET U% §48 45 9oy
scout =2 pilot image= DRRAM ¥ W &2H(dive-

gence)® HRE ZhY A ¥ FAw = X-ray
beam &, orthogonal radiographye]”] w9
DRRE& i8] A& 4= Qi)

2. 3¢5 ZH (Volume definition)

AR, TEFA HAE F3] AR
Feztel 9E mousett digitizerE o] &3}
#HAoE JEe Adez F33A 2
o ma}tAM (ie. skin) 7EEHE &3S
TLE AT AR o giy
o7 o]FoAn fHE 60~90% 7IF &
o FEFAE A AR 7R
- GTVeE HIAACZ AFNE |
£ ‘”FJO}L gross tumor volume,
- CTVE GTVE X935ty
A Zate FAA mA g,
- PTVE daily set up 227 24719 &
g I3 CTVY FHEL ongr}
J8EE beam® Z7|(aperture)= beam?]
EA(penumbra)S T &3 PTVEXRE =
7FAQl marging X¥FY + UAEE I1#HA

oF @t

.
==
[s]
N
0

M T o
M oz 2L Ho Mo o

ko

lymph node

gotow 29a}

3. Dose prescription

ICRU 50014 %<& volume center® 717t
& AMAA Y H 9 HAAE 9uFn A
BAEE AR Aol FEREel 2AE
&9 ANANE AAstE WA (critical organ)
9] A& & (maximum allowable dose) &
AR sl ok s FEA A X F(partial volume dose)

¢ 328 AAZA DRolAo} B},

4. Virtual simulation

N

]_

=R
T

FN
o

AR = FA el Al Ao
GTVS wzd7]¢] S DRR Aol wire
frame2 & e o] conventional simulatordl A
Fed BT 7l & AED, %A, 2o
, field aperture ¥9¢ SIAEL
o ¥ 45 M ERFY oY A %

ol-&3ste HF AHH A ]QE port 9]
BEV(Beam's Eye View)E& Ho FE& 190
E BEVE 4, #3%, window level 5& Z4
TOo =M bony landmarkE £3F center® &
ojvt EFgI Wi 7o BAE AAF B
o A}H 2 virtual simulatorel A o] 2] &
X 715g 53 B3 porte NEAY
ofuvegl B3t gAY dsyd & g}

ot

b

CRES 249

R=SteN
o=

HH
R

rﬂs.lkzr_zm

8! 4. vertex beam XFA NMFANEZXFE

5. Plan Evaluation and optimization

ol &
3D planning systemol Al 4 28 Z (dose dist -
ribution) ¢+ DVH(Dose Volume Histogram)<S %
3l ety HUdE IsodosecurveE A7) $138)
wedge, bolus®] Argolth, ¥l 7T oS ¥
AR EN HA3etY MU(Monitor Unit) <
At}

2 MAA S arrangement’t ¢ EE
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6. Verification

3D RTPE #AA dFANY HAA7A AR
ANEA YL worksheelE X EAYARE
£¥3l2 DRR £2 DCR 94<L 3 linac-
grame|tt EPID 94& 538 & AA, ZA
A, 28 55 58 8y H$o) uwhel center
ol ol y fluoroscopy s £33 R/ &4 Y
& Ao & A= U

j oy
2
=3

V. ¢ 43 & (Clinical case)

CT simulation/3D planning system©¢] 9% &

3728039

O 6. S0 2} 184 W 2A : primary breast
(photon beam), SCL node. intra mamma -

ry node(electron beam)

AH(Cranio-spinalnerve irradiation)

Z
Al field®] Junction& HoFE multipla-



V. 4

E
1. CT simulation? =&z} ct&

1) Advantage

- 483 taget volumed AA
: multiplane image 79, CT imageE 9]
£33 GTV BAL & scanning £59 7
A E image quality, A5 AA 9 £L3 g
el AE

- ARZEAI A
: physical procedure %4 (ie contour, depth
Z4) spiral scanning, reference mark

- #xe] EELA
;A ABRF, conedown, boost59 A&
A2 Wl Az A

- large field of view

2) Disadvantage

- A8 field FAY o5 $

- WA S $HA $AEF

- target volumeS contouringdtedl B2 A
K]

- CT gantry9 7 (aperture)ol @& A=
LA 9 A &

2. The future of CT simulation

- 7MIAEZF(virtual simulation) 2 ©] €3 CT
simulation& F ] ojw 3t 33k WAL X EA
(3D RTTP)AvEY &9 stz AHu
AN R FREA BHAZE 5 o Iy
JRAWoZ £A9 Conventional simulation
48] gAY ¢ JeAE oM E B2 ¥
Boxeo AZL YT 33 ol & g%
Atge] st @Azt BHH

1) 7MgAEZFOl

o AR

to £ nu

zA9 ARZE

peF]

3.
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2) JMIABEZFEE £ conventional si-
mulation®ll &&] RHojHo}l =717
3) THEAEREE AW FRA HE A

o,
v
-?L'

o
Mg
it
rlo
HO.
o
il
=)
4pr
X
rhu
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