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(TR L BEW]

R/ NEIEYEE  (high-dose-rate brachytherapy: HDR brachytherapy) 13, [
VERAL Fo1 % (remote after-loading system: RALS) % Fi VN CHAE GBS MERINTTR)
B IEBNERE DT L CEERN T 5, BURROZEIL, FIFEREEMEOMH
VIZRE SN, EEERICEELY 52 PIEBICREZ R G TE 5, FFHC, 16F
SHERITBIE OBIUEE T R X K BB SN0, BE OBV BRI & BEE R L
L7 B, TR B DREIT, RIS EEEE (treatment planning system: TPS)
kv EEOBIEMBEREE L., ISR OBRIERE IS U ERFMEEH L TT
bhs, BUE, EHMHICIERREROREEENTDIL, RALS IZBHE L MRIFALE D
TEREMIT = Imm, EERRORIEEEIX 1% AR L TS, L, InEFOAE
N TOBRIEDB X ITHEER SN TR, b LAKNI AREBOBIERI R ENEI T2
A BB 2B ERRIC L AIBEDROETPER B~ OBEREICLDER
IEENFB T A ERMEN D 5, D71, HDR brachytherapy DR &ML HERT D72
B, BETOBRBEERET T — 2R TINENH D, AW TIEL. HDR brachytherapy
DOIFE P NEN TREIT 252 HEEANB L, RIEBENE &R T H 5 RIRALE
LEREROBENFRE/2 VAT L ERET D,

[FiE]

BE% S AT AT, SRR VAR — Y A= TAE Y LR - BT R =
P AR (Gd0.8:Th) Thb GOS v FL—&, BIOEMMSEHRT (charge-
coupled device: CCD) # A T THERL LTz, 2 DDER 1.0 mm O HE#EFR LR —/V
EETAT 2T BUR—al) A=k FL—XORNCERL, YTV
— g VD 2 RTEEBRTHDHAT LAY T NEBNOEIT 2 IRAT VAEICLD
SHREIC T, 2 BIED 3 R BRIE LT o1z, Fin, VT AZ A KT X DHRIE
BHOEDIZCCD HATERNT, Yy v ¥ —HEE2s TV FLb—Ta VHEDE
CEBAYRE LT, &b, BIEOTOT v L — vy F U B VT
L a3 U ORIALE Z B LT, BRI, BEEICHE Le—# O CCD H
BORBEY 7 EAENDIE L, VAT LAOBHEEIL, TEEBICK L TER
& }1% HDR brachytherapy #48E L7277 7 > b AFEBRIC S o THRFE LTz, PIr #RR %
e bR CHEME S U ABIBME (14 £) SEERM (10s) ORHEFMHIZLY. KFICE
BLEZ VT A FRA KT TV — 2R~k LTz, VAT LAORIEMER, BER
B X BBEREBIC L VEE L TROBRIFALE & RALS ICHRE LI is iM% &
HE L LT LT,
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[#5 58 & B£]

FE SS9 D HDR brachytherapy Z#748E L7277 7 v M AFEBRIZE W T, 3 KT
FRIFALE & SR OREREIX, 2027 1.5707 mm, 08+04 s INTH -7,
KUY AT DCRTHT T v— b~y F U 7RI L DRIEMEOREICLERER
SLBRRERRIE S v v X —EE 25 I LT 04s THY ., BENY 74 A L ORRFLEBRNC
RREY UTme E7-. BK 2.5 frames per second (fps)iZ £ 5 U 7 # A AFHEI O R BEME DR
WENTz, YT L—a HORNEIT, RIFERE, RE— 2T L— X R
LUV R —ATRITKTET D, TDTH, TNENOREDN LRO M EREZ M
WT, BEE I BVENSEZERERE LR, L, KRVAT ATIE+aivy
Fl—a VOB EZHET S0, Uy v ¥ —EE 2 s LLETOREEBNH]
BENTz, By v —EEOER IR MEELZERTEE5, L, AR
FE EFE D HDR brachytherapy COR+HF OIEEERERICR LT, BB EDORZEZE R
HT 5 DIC+ScENEE 2D, 5%, AFROREKEI BIETH 2 BN ORI E
DEERIT K D RIS HE & IREDA OFIED 2o, AT LORIEE & f#H )
B & 2 BEEMT AR ERD S,

[#538

AFETIE, TaT b Brh—nal A—F GOS vV FL—4, BILOCCD
HAGHERBOVTEI A N Tayv 2y NV AT A&BE% L, K CEM S 12 MR
P BNT 3 RITEMOBIB BRI TCHA I EEIE LT, £/, 77V
— h Y FUSEIREV U F L= s VOB NMEE BT AZ ETHEY T
WE A DMEEEBR L, KYAT ML, AMERNIZET 5 I SR OB EN A S5 E TiB
Wi 5 FREME R L, BRI T — IR RICRET 5 2 LT, ERRMICKRER
#2595 HDR brachytherapy D EEEHKZFHIE L, BEMEEZEAZATE 5HGHRY —V
ELTHIFFTE D,
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Summary

Development of an automatic real-time source tracking system by a stereo imaging system

for three-dimensional measurement for high-dose-rate brachytherapy

Introduction

High-dose-rate (HDR) brachytherapy uses a remote afterloading system to transport a
radioisotope source directly inside or near a tumor. The radiation affects only a localized area
around the source. Therefore, HDR brachytherapy allows higher radiation doses to be focused
on regions within the tumor while sparing the surrounding normal tissue. Since HDR
brachytherapy delivers very high radiation doses to the target volume within a short time, the
precision of the source positions and dwell times directly impacts the effectiveness of the
treatment. Therefore, the source must be moved precisely along the prescribed trajectory for
safe treatment. Meanwhile, the treatment planning system (TPS) optimizes the dose
distributions, establishes safe positions for the source, and calculates the appropriate dwell time.
The quality assurance (QA) of the treatment machine, which is performed before treatment, is
guaranteed for source transportation accuracy, with source position tolerance and holding time
of + 1 mm and + 1%, respectively. However, the source movement precision is not verified
during therapy sessions. Therefore, we aimed to develop an inexpensive, compact, and easy-to-
handle system for verifying the movement of radiation sources during HDR brachytherapy
treatment. Severe accidents can be prevented by the detection of movement errors obtained by
the system.

Materials and methods

Our system consists of a pinhole collimator, a scintillator plate of terbium-doped
gadolinium oxysulfide (Gd202S:Tb) (GOS scintillator), and a charge-coupled device (CCD)
camera. A dual pinhole collimator with two 1.0 mm diameter conical pinholes was placed in
front of the scintillator. Three-dimensional position measurement of the Ir-192 source was
performed by triangulation by a parallel binocular stereo method using a shifted stereo image,
which is two-dimensional information of the scintillator light points. For tracking the source,
a scintillation image was captured using the CCD camera at a shutter speed of 2 s. In addition,
the system automatically acquired source positions using a template-matching technique and
calculated dwell times by converting integrated pixel values from the CCD camera images.
The source tracking accuracy of the system was evaluated by simulating HDR brachytherapy
for cervical cancer. The numbers of source positions for the tandem and ovoid applicators
placed in a water tank were 6 points (step sizes of 7.5 mm and 10 mm) and 4 points (step size

of 5 mm), respectively. The dwell time was 10 s at all source positions. The measured values

— v —




of the system were compared with the reference position of the source, which was determined

from the images of the check cable captured with an X-ray fluoroscopy system.

Results and Discussion

In the phantom study assuming HDR brachytherapy for cervical cancer, the differences
between the measured and the reference three-dimensional source positions and dwell times
were 1.5 = 0.7 mm and 0.8 + 0.4 s, respectively. The source positions and the dwell times
could be identified and tracked every 2 s from consecutive images taken using the CCD
camera. The shutter speed of 2 s was sufficiently short for detecting the deviation of the
source position for dwell times of a few tens of seconds, which is typical in HDR
brachytherapy for cervical cancer. The amount of scintillation light depended significantly
on the source activity, the position inside the patient, and the distance between the source and
the scintillator plate. The conversion for inferring the dwell time from the pixel values
required corrections for each of these factors. In addition, CCD images with sufficient
scintillation light were required in accurate measurements of the source position and the dwell
time. Meanwhile, given that a slower shutter speed decreases the time resolution, the use of
a more sensitive CCD camera is a possible solution to real-time source tracking. The system
can perform real-time measurement with a maximum frame rate of 2.5 fps by considering the
processing time of 0.4 s, which is mainly attributed to the calculation time of the template
matching. The final goal of this system is to evaluate the delivered dose from the in vivo
information about the source movement acquired during the treatment. The source positions

obtained from the system need to be correlated with the anatomical structure of the patient
body.

Conclusion

We demonstrated that a low-cost and compact system for verification of source movement
during HDR brachytherapy treatment is possible with a CCD camera and a scintillation plate.
The source positions and the dwell times could be identified and tracked every 2 s from
consecutive images taken using the CCD camera. In addition, the system automatically
acquired the source positions via template matching and calculated the dwell times by
accurately converting the integrated pixel value of the CCD images. Consequently, this system

could track the movement of the Ir-192 source in vivo with high accuracy.
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1-1. PABREBICH T 2MsHRARDLEE

JE A 1B D 2017 4B A D ENRESRE A WAER (0 OBIIC XD & B
Eic 38 BT EIT 134 75 433 ATH D | BIE L LB L, 3 77 2685 AL T
W3 (1], £7. 75 B EOEBEOETEIT, 2012 EN LR THO 7H %
BxT5, ERIEME. &1 A3EESAEY (BA) T3775 3178 AL & 2
MR ER (BEEE®R) 20 7 4203 A, 5 3 ALIIMMMELRE 10 77 9844
A BARIIERE 105 1787 ATHS (K1), BHEAYIT 1981 L, 3t
RIERE 12 72 1 . F 0% b EIMEMICH 5, 2IETHEICHD 2EIE1T 27.8%
Th, BEF 3.6 M1 AREBEEFEY TR LT D, EIMIBNTD,
2016 T BT BHR O ABEIL 1,720 HA, FELEEIL 890 TATHY ., BBA
BT 2016 4k TO 10 4ER T 28% ML T 5 21

BT A OTSRRTE L, IR, ETRIRIE, RO 3 AEE R L
LC. G fivh o NIRRT 2 RIBERER D D, T LT, TR HEZHMRT
175 DTS . BADOHERLEITEREICL Y BERIGREZEAEGDE D
Tl TTIBEREOR A B E L EERRELS —RINCIT O D,

BOHEISEO BT, 1) BIRE, 2) BSOS RROIEF) AR, 3)
Mo IEREE & B TTRE, 4) BIHE CTHLIRIGEMTITS Z L AR, 5) FHREE
HCh B ENRET BN B, BEAOAEITD R RS TEEOERE
DE (quality oflife: QOL) %l Lo WIBRIETH D, BARFHER ¥R
OAERETRIAERZE O 2012 EEEEREIC L5 & BATIIBRITRIEHRE
FRTHEIVEINC 5 0 . B BIREE T > QO DiER % 788 Mk L HEE LTS
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A (RENTRHEHEER I 709 Higk : 90.0%) OHEEREBEL B+ BREEE0 13,

95 5 1 TALRBEL bR TV [3], EELELOBISEENEML, K
BHECH AR BIAROLEEI ST Z ENTRIND, 4% 10 FTFEE 2
DL IC N B RiABRTH D (M 2), BSASIREARES 2006 4 6 HICHOL
L. 2007 & 4 AT NEZ Lict bRro T, EMAMOERKR EDBED
L (4], EAEOHIEND 10 ELL LR, BSAMSRREEERER S
B EEMEL . HO RIS PR R BT RRIE R B LR & O
g 2 EERE L3 2 MBI L7z, L7 L. IS A O s R 70 s L
FHETRTE R L OREEHT OESB L ORIV, BEIRR O 2 Tk
FBED, EHITEL DA EEBOREEEEIT ) LOICLERBEHROTE

NEELRSTWND,
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1-2. EHRAERDSE

TR TE R SR IRET & PNERFRET (8 MRIRIA R SR B E N FIRIR)
CHETE B, SMEREE, TR X R v BT R BT

RER) . TRITPETREEND BT 2 HETH D, EEV/INRIRIERIT
SR (BEREERINTTR) & — R E IR AN ERPICIA LT, EICy BRER
F9 %, E7, IEBEREN ARIEL, BT EE RS 2B R IR ARG LT
BIRR a MAE RN DIBHT S (K 3), ERFIE< OBUR bLHERRIERIZE
B BEHR ORI, B 2BV R T D BSARRE L B L TRHERTH
%o BRI D BT, TEEORIBISR E /3G ERNERTH Y . TORDIT
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MR B 3 L F — R A BB RE T 5, ERAIE TR ITRADEHE,
B D BSEL. B L ORERENEZE SN B0, BERIBEICI T, ER R
OBBEREIIEA SR, BETRIESRO RN, B L TREZRF S,
B O TE B REOWIE < & AEERIR Y M+ 5 2 & Th 2, BEFREE T, &
o 6 P IE BRI~ PRI BT e o, IEFEAERORIERA G BHET
BEO—H & LTES{LE D,

B L EEEOBREDRITHREOEME & b ERT 5, BEHER O

R EICAE CEE L, BEU T TIRIBET 5 2 LISRAEETH L P, +27%
BB BETIIT 100% 0 BFEENE NS, L, BB~ OFERLE
HTX R, EEBBRITINE D & ICTHERE (tolerated dose: TD) 2V/R ST
150 TD6/6 (5 FERIT S%ICEWERNE U S HRE) THMESN D, BATBRIGR
CUEIES & EE RO RSO FIRT 5720, —REICIERHEE

(tumor control probability: TCP) % 80—90%, EFfBMEEFAR (normal
tissue complication probability: NTCP) % 5%RREIZHIZ 5 & 5 LT HRED
EXND, FOREGELIBEAER SV, RLIBEESEVRE L EERE
vy (0 4), BERIEEORLEDRIGENRER ST DT, BEEREIC
LA EHERBEP RO BN D,

VT, BRI OBR % S HICERT A2 bic, MRV TR
RS EIS%  (intensity modulated radiation therapy: IMRT) . FENL AT
HoEB 5 (stereotactic radiosurgery: SRS) L ENL MU FR1AHM (stereotactic
radiotherapy: SRT) 2443 S5 B E IR SIER STV D, B B
Fo RET RIS . 2SR BE N A I E S8, TR EROMAEREICHIRS N DL
FRREORME AL T 5, 20X 5 RBEEPHEICEN T R BRI
B2 TRV, PNER BRI, SR A B SR L CEBEE 123 % OEFICEE
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5 L TRIRMICRBETEL R EEED 2 L3 TE, LV BB R ESA
CEARENTETH D, bz, EREICREL BT 2720, RHRE
By DYER TE DR TERLTND

X (V=7
S
* {y{“ (H et A7)

— SRR
BFHR (V=7 v )
hrﬁiﬁ{l@,fa BB (A bur -y hay)

ey — HETAR (B - )
i NETRATE S8 (RO R T2
L pyspmad {
SR RIEE — B - o GEEEROPERAER)
M3 FEHRISEOSEEFIR SNAHE
fEEE#HIE=R (TCP) EREREERASR (NTCP)
100 -
S
¥ 50+
B
0

EHE MREL (Gy)

4 AR KD REE & ER AR OB MR




1-3. BEMRIFARE

A INGIEIR I BB A BN OB E LT R 217 5 16K
VT B, ALFIREIE, RPN~ ORISR Ch 2 IR & F 8IS -
THREESND, E7o. EHICHT 2RBEFEE LT, BRENICRIFZELE S S
PRETE . RPN I R B T D AN R, B X OB R K OREICEETY
L)L RREER S B, & OICHERT RO D 2 Gy/h LUT OERE
#% (low dose rate: LDR). 2—12 Gy/h ®F##&= (middle dose rate: MDR),
B L 12Gy/h M EOESHER (high dose rate: HDR) [T H I LA TE
Do

LDR & bt L ¢ HDR OF) 1%, =R #E4E FEiE ks (remote after-loading
system: RALS) #FfT 2% 2 LIC L B EEREFE OIS BB L THD,
E P VAEERRIAE N C & OSBRI K ATREN TR TH D T & BE DOIEH
By - BRI AHEAL RV ERBT b D, S BICHETIE, 1920r IEAE
<A B L INTTEAROHEA K 0 BIEY A RIBEE NS Iro T lodh | HIG
SR AIER Uz, E 72, BIRALE O B 2 R AL S U T, I SRRET
HIZEMWHEEE RO T,

B AT B TR ISR E MR 788 Mgk & #ER S, MEATHEE AL 709

e (90.0%) DT, HENBRENT 146 fiFR (20.6%) . MERRPIRRESIT 117 fEak
(16.5%) TEMSNTNS [6l, REHARBEIRHAE LT, F5, B DR,
R 7n U S & 0 AT AL, LHiEEA, SUE., RISZR. ALY, MO, KUE S
a. gL ERBTONS [6l, £, BELLENFRE ThHIE, £0OF
MICHEISEIERTHZ L B ARETH D,




1-4. EFRIBAEXBFTIEE (remote after-loading system: RALS)

1898 4E M. Curie |2 L ¥ T ¥ A (226Ra) H3FE R S 4, 1901 F1Z1 Danclos
2 k0 BRI RS B Bk LT 226Ra RIBANAIRICR ST, 226Ra R
VE R PO T/ NIRRT, RO I E SRR ANICEA T D HIETITD
U3 TRIE OB TS S E BRI i 5 7o, 30T < ORI BERETE RO
RIS 3o 72, € 2 T 1960 SEAICHERIE A O 7 7'V Jr— & Z IBHRICHE L
TR A B R & B IR EREIC TR AT 5 RALS ABF Shiz, &b, 77

U b i 7 ¥ O E RS BLRoVa SR B E SE B (treatment planning system: TPS)
IR YDAV o — F EROESRIC L AIREE O E D ML LTz,

/D RALS % W - S E R/ NRFETEE (high-dose-rate brachytherapy:

HDR brachytherapy) 233 2 0AFBREOREIT, XAy Ea—H Wi iR

(computed tomography: CT) Hifg, #RILEHE % (magnetic resonance imaging:
MRI) . BEWEE (ultrasound imaging: US) 12 & - THE LN EGRRCZ D
O TE S0 D S (T2 R B B A & IR S B OBIRALE & TR DR
VERREE 125 U OISR & % L CiThi b, TRIRINC TPS IC & Y 3 IRoTivE
SARSVERITOI ., REA~OREETME L ) X 7 S OMAREZ 5l L TR
ISR E NS E S LD, T2, TPS 76 H S NI RIRALE & 281 R,
T A T RALS ~#ak S FURIREREEE 2 il 4 5,

H7E. BAENTIX. Elekta #% microSelectron HDR, Varian #t%¢
Varisource. 341 BEBIG #:# Multisource 25&fA 41TV 5, 2015 FIZH
KEZYE2AHAIE B S L BARRESZS/ MRS SRR TIT o 1oR
8 B R E NRIETRBEMERR O 35 T D ARIEEH & SERAE (quality assurance: QA)
CET AT v — NREIC XD &L TOERRILIET Vo — MR MER 101 JE
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27 B3 C. microSelectron HDR 78%, Varisource 16%. % L X Multisource
6% T 5 (7. I EFNOAEEEE 1ICRT (8], BHORFIMSESFEFIESES
FTh DA, 20—30 F ¥ L RN OEERKE L EL, RIROREEEER & 5/

FREIL. FHFH 0.1s, 1.0—2.5 mm T b, FROEEZEREIL, 300—600

mm/s THH ., BEEBETERIND L, KRR TIT 2T N TORERIE,

microselectron HDR V3 Z{EH L 7=,

1 AARENTERIN TS RALS OfLER.

HH microSelectro HDR V3 VariSource MultiSource

IR (GBq) 192 (370) 192 (370) 80Co (74)
192]r (370)

F ¥ L RAE (fH) 30 20 20
step % ({H) 48/ch (1440) 60/ch (400) 60/ch (1200)
step I (mm) 2.5,5.0,10.0 2-99 1
1S EBIFRH (5) 0.1-999.9 0.1-999 0.1-999.9
IR D A ¥ OB FEBERHE (mm) 1500 1500 2000
BEERFEHEM (mm) 470 1500 TV r— 2R
RIS IEIREE (mm/s) 500 600 300
HIEEEAERE (mm) +0.5 +1.0 £1.0
R EOHHL FlERL FIEEL




1-5. IMRRABRTERSNHRIR

B/ NERIEISERITE vy a8 (197Cs) BEON %A 7 LA 72 & LDR #R
VA BB IR HEE L7, RALS Z AV /2 HDR ARRIC L S1akid, AART
WHE < ERAED b, EEACEEREEREBRIC LY LDR & REOZ 2N
L ARSI STz [9,10), BV b AEE/MURE R 2 Y. 200 H
26Ra. 92, 37Cs, ©Co, SAu, 19Pd, BTiX v BIETH V., S 1% BRI, *2Cf
I ETRIECH B, Fio, —EHICEA L TANDILTND b O & KARICH
BENDLOICHET S 2 X, BIEICE 20 R 9o, %FITIT PL PPAu
BDRHWLND,

ARG TRV 2 FEIE. PMr(n,y) PPIeSURIC K0 R TAER S AL,
BHAEEIC L b 192Pt|c, BLEE T REIC LY 0s &7z 0 | K 380keV D v iR
TS, K510 2 ofERE R, SRIRMRET LDR 2> 5 HDR Tk~

n'ﬁ%amﬂ?%%ﬁ%ﬁ SNFRFHCFIAE s D,

1-6. HDR brachytherapy ® BRI - REEE

RALS |2 & % ERE/R B 5B R RIET 5 o 01T, HRIFEZE OBENIFIC
BEETH 5D, TPS THASNI-RIEAE & EFRMICE D ERICEIT LN
BHET AR RIIE LN, £, EREICKREL 57 D HDR AR

Clt. PR N EES RIS B 52 Db EEOMEERILSLE
RAER T 5, RALS O EHIH) 5 TH . KEEFHEF S (american
association of physicists in medicine: AAPM) @ Task group No. 56 (TG-56) & TG-

59 SERN E S O R IA# 5 (european society for therapeutic radiology and
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mm%yﬁﬂmﬁ@Bmmﬂh8T@%éhfméULBLEK\EKEWT

i3, AARESYEZSC AARGRIEEFRIC LY ENHEBEILTHA R

SAVRELDLNTND [8], MFMEICEL T, 77V & — 2 NOBRIERX

HIEEEE O ERMHIX. FRAO

HEABE ST 4 VAR EERAWTITONTEY

S I BEEOHFARL UL Imm (FAL-UL 2mm) & LTWD, F,

ERISIIC SV T, 1 ~ ORI L T Loy 1% 8 L ORI & (R

LTWa,
#£2 REREICHV S AR
) RN F—
PG H BB R Rk mEBER
(MeV)
192]p 0.35 73.8 H — FAREPS © Fom o B R i
137Cg 0.662 30 & — FEHEN - R - e 28
80Co 1.25 5.27 4 — fEE Py ]
198Ay 0.412 2.7 H Vi FHAEE A 15
125] 0.028 59.6 H KA FHAEAN LES
103pq 0.02 17 H KA FEAE PN &
28.9 &£
90G 90y *1 0.54,2.27 — IR e
(46 MRS
226R g %2 0.83 1626 4 — FREEPS - BERN LI5S
222R*2 0.83 3.83 H — B - KA RN - RE

#190Ge 0 B D B I 0.54 MeV THERZ D), MR 0Y O B #227MeV ZHIAT 2,

#2 BRI SN TR,




1921y 73,84

1046 MeV
NN 4.0%
1201 keV .
- 690 keV
921 keV 0.7% *
R 580 keV
785 keV .
e
Y 489 keV
—>  BRAEE
613 keV Y —Y—T 7 .
¢ | > WA |
317 keV v > AR —— 206 keV
e
0 \ v v
192p¢ 19205

5 I IR FAEER.

1-7. FEEFEIZxT S HDR brachytherapy

FESEEORIEE BRI L LI EER RS RIAR T3, SMEMA & HDR
brachytherapy (REPNFBED) A OFFT 5, MREMEFIEIC BT RN R 13 R ATHIAH
CBWCEBEREEEH - TV D, FEERICHT 2 EARE ORFREIC
Manchester ¥E2NE < FEVBIL, FEIERIC 1| KOF T AT 7Y r—52 LEN

GFFE D) WKEA =D FRA T 7V r—2 @A L TIThh D (K6).
55 AN OBIEMBITREOETEICL VIRESND R, — RIS
FAH (FEER) b7 7Y OMFEODOY/N) ETOHETH S, T,




FRA RROBIEMBIZREBIARA R & JE #hFal £ TOFPHIZ 5—10mm
B ORR CHEERERTET D,

BESEOBREIMAICIT, AAL BESAVLNLD (R7a), ARIE, 5+
FEOL FEESCN -T2 mEFOBS 2 @A EMRED 2 cm SMUD KT
B0 IEROEERERNET D, A SPLFRESL LT BEEREICERL
IR B 3 SRR OBESLRIEA B OEE R L MEZRBORER L2170, &
EREEEAEEINS, HEEND A AOLGHREIX 1R 6 Gy LT TH
%, BAIE. AAFED LD FEESCHN > T2 em BEHFOREZELKFELETA
BEFUESICBTAERRD 5em SMAO A CEAREENIC CREER £, 24
ABEOTEOESCERBRLIVAE 5 om DK THbH, BAREITTRENT
DHEEDRLTHY | BREREOTRNEBICTT AMEEFE L RD, TOE
B IR BN, TEERICEL2A2H L, TEAKRERRERTHIAA—TS
EFrURERD (K Tb) [14],

TRETORERE TR, TV =4 EEE LTREBICTERM 2 5RO X
EEEC L0 IR 5 2 WOTIRRETEANM T T & 2, 4, MRI X CT EiR %
W= 3 WITIEEHEIC X A B E/MRIFEIAHE (image guided brachytherapy:
IGBT) 2MTbh5s L 9 Icisoiz, £OFEIE, CT EES MRIEGIC & Y &S

DEBRHEOLE LT TERBEDY A7 s Tdh Dk, B, SIERRE LT
SN 8 DALBIEHRA 3 WIEMICEG TE D7, £ 0 MR IaRREHEA ATRE
ERDBETH D,




(a) (b)

flange

ARAK

K6 FEEBECHTIERERNMRIFIEE 0 77V 77— 4 OEE. (b)

CT/MRI BZ VT b« RA KT T or—4&,

(a) (b)

plane 3: X=0 plane 2: Z=0
- scale 1:1.5 scale 1:1.5
—— FTHB . R, o T

K7 FEEBICHT S ERER/NMURISRO@ MR & (b)) RESA.



1-8. HDR brachytherapy QRN &

HDR brachytherapy O FRFEN SIZHOWT, AAPM/ESTRO IZ LB H A KT
A % AAPM TG-138 IZ L D& STV 5D [15,16], FHENSITHET D5
1T, 1) BIEBREE, 2) WREERTEL 3) AWHEMIE. 9 MERE. b) BANA
DB ST b D, BIFHE CHHERN —~ DR SIE IBROEICIERE
HNCBET 5, BAERO® b L—3 U7 1 PSR SN REICEV T, RALS
D7 = VEBEERARETIC X DREEHICKTT 5 1920 #RIF D v BREEEZER Y
—w BOREI ST, 2.2% (BERE k=2)TH 5, 1RRFEIZKIT 5 TPSIC X
DRREEIEIE, AAPM TG-43 IZHEV, B SN B -REOHRES ML ERE
bEOEBIZESEEHEND, TORD, KHENRT A —F DRENEDEK
FEELRTNESR L2 [17-20], £, BEHEICKT 2 R ERIED
MHEE, BEBROHBBROERAK L S0 TIERW I & OIS ICLERT
TN —E OB R EORBEEZ T D, MEREICET 2 TSI, 1RRFTE
OIS, ) A 7ER. BEOT 7Y r—2 ORAFHMNEFRODERE, =
DICEHEG L VAR DX UNERE L 2D, o, IBIRENL Z & ITRR OEN
Zz 5. AAPM/ESTRO HA R A v Cid, BMLZ & ORFED S DFEMFI23
WESNTWD, [E8 Iz 192Ir #RIR % A\ 7= 7B %)% D HDR brachytherapy (&
BT BERFORHEN S 2R, BENRRER G OTHEN S, FRFORHE
MDEDFFOEFRE LD, 12% (k=1 & 725,




B e B BERE ORI S 1 12% (k=1)

| | | |

SRR wEeshE || FHEETE || sy AL

%
2% 3% 1% 4% o

X8 I B ERER/ MR IC R T D AN S

1-9. HDR brachytherapy [Z# 1T 5 EEZH

B BIBECE b s BEESHORE T, EBRETHE (nternational
atomic energy agency: IAEA) 7 b4 2EFHBNHE S T2 [21] £,
HDR brachytherapy Ti KT 2 o Fz FHEEH DAL OJREIZOVT,
Bt Rl # 2% B4 (international commission on radiological protection:
ICRP) @ Publication 97 K E R T #HHlZ B2 [Nuclear Regulatory
Commission: NRC) 12 X 2 #&E THE & C w2 [2223], HDR
brachytherapy i%. 1.6—5.0 Gy/min OFEFICKEVRELEZ 5720, 16RO
I RFEERMICEER Y EEY 52 500 H D WVITB KRR OFEEE L LD
MNP B, FOTD, EEFOBEFICE, @x07 vk R TR B I ANEE
WCEETERNED, EEICEVED QA 2BBILTHLENSH D, ICRP
Publication 97 Ci%. 1 HIOETHEEEETr 500 LA LOFEERE & 70T L7C
FEE GEE DT Y O &S, AT EERE, SRR ORIRE . SHHE
V. B EREORED, 7 LTRBE ~OBEERER L OBRNEFAIHRE S




TWB, FOEHERITE o —v T —FRIEBEOBREENETH D, BE
SN HRESB L0 O L P a— 2 0BERIE, UTO LI REENH D,

SRS OEBIC LY, FRICL D IRETEBSEL 20T
epERC o L Y — VDB LR & N L D RRIREIRAS T & 72 {78272,
Yo )T 4SS A0EICEY, TPS ORFREEIT 7.

SR A — T L OB, A, EEA v A -y 7 OBIEIC KD BRIEAER
SUEBICEED ., BREEEE LT,

7Y r— A BRI, TR TIE e W EFTI RS S 7,

7= . ENIZHV T b HDR brachytherapy (2317 2 E#H A% AL LT 5, 2007
T AD 2018 4F 11 AICFESE®E, FEBEOEREXITIC 30—80 DX
FE 100 Alzxt UCRIEBEICE L Tl =REBMTb T, b T ADKEER
RS CRWERAESR EOBEEEENRER L, JhUE, BRAHE T A—F
DEAEDBAS DT HIT, BANCEHE S - BIFALE £ 0 B 3em X L 7ORRE
CRIENSESE SN ERRERTH o T,

HDR brachytherapy O E#E51E D7 HIZER S LD QA T, FHFEHIO
PP LEa—NEENERETHY, FEED I AL D, TR b bFEAT
A ED S R ITHUT R BV, L L, EEOBESR LT v F AIIHEET
LI EELHE. EROBET NER~OBRIERET) ORIEOER VD
Wil T Ta—FERETOLERD D,




1-10. HAEDOHE

HDR brachytherapy i3, RALS %/ L CHIE R BB ONHE E 7213 047
CEBREE U RR T 2 IEETH B, P BIIE. AFFENEILSNTE
D . HDR HIEL LTE L ERASNTWD, FORESMHORRIT. BIFENDL O
BREE 77 L - AR /R B AR A 80, £ D70 BT OREITRIFU IR
BEEh, BEOERMEGE~ORELIH L, LVEBICE L TREZEFSED
S LREETH B, BMEORMELIL. TPS AW CERORIR & EFER L D%
(AR B B R D DS ORIEM B 218 E L, IRRROFIEME IS L iFE
A EET A LI Lo TRES NS, 1EYZ Y 0RERET, ALK
SRIRE (2 Gy FREE) & kbl LT, HDR brachytherapy (>5Gy) 1¥&1 . 7z, HDR
brachytherapy 1340 REMT 12 KRR ZIBRARICH ST 5720, BIRMLER LOE
ISR ORBEIT, K& TEEDBRICEET S, Ldi-> T, ReRRAHiiz &
F\CHAET B 0. BENCEE SIS SR KV IR e MR EN
CIEREICERE LR iEe BV, EE EBT 591213, RALS ORRIFRE
BEEARIETEX S QA V—VRULERFRTH D,

Smith & 1% S ER RS C R Sh 5 ER A EANER () =7 v 7 3&8)
ISR SN TV A EF R— & LERER (electronic portal imaging device: EPID)
ZRIELC. BEMEBR L ORMESAEHER L 24l LxL, THIE, RALS
DEMBREERRY B L LTR Y, BEOIREPIBT 5N ORIEEE
AR LT b O TI37eV, —75 C HDR brachytherapy T DN ORREB E) & 8143
+AHHFEE LT, Erdh—nal A—2 2FATHHENER STV 5, Batic
Hix. v BHRHOEH Y a U RHEBREFAL T, ErR—A A AUV T
Wz L 0 BRI B ORI LT [25), Safavi-Naeini &%, BISZIREEICKT 2




HDR brachytherapy Z 487 L, BEOMREEEIFR T L A #Hes & EHFE~ LT B R
—Lal) A—F THRENERER Y — 7 2ERL, 7Ry Ial
— 3 U L D BRIEATBIRE O FTEEM: A 7R L2 [26), Duan bt BrkR—/L =
) A—& | X BBHEEER. BLUOT 4V AERAE DY TERNDORIRE S &
BT B VAT AERELTND 27, HTHIX, T a7V Brl—al A—
BEFANEAT LA AP B AMEEER LT 7 YLD 3 R
TEEENLE & BEEN ORHRALE & Hl L, 0.7220.2 mm OFEE TRIE Lz, LA L,
ZIET T ORBIBEEESR O T 4 NV LRITIC L o TIT b, EER R ORER
TE S TR,

AT CIE, Brd—nal A—F LTy LR - BREET Y =7 A
WYL (Gd0,8: Tb) (GOS v FL—4) % iz i SR D IR IR A BB
2T KAEBE3 LT, BI% L AT AL, HDR brachytherapy OIEHE HIZ A DfR
EREI AR L, REBEIESR TH HRIEME L FERHORENFRETH 5.
70 Ty L b v F U S HETE O CRIBALBORIEZ BBk L, B
&%F (charged-coupled devices: CCD) 7 A 7 H THE L7z GOS T L—F
DEIETHIBEH LV BVELEHR UEERMZEH L, AT,
RALS. XM CTERBOV MY, BEEER, BLUOLOMOERGRREN
BB SNERONIAERENOBREZEEL, SHIEDERALHTOER
R EIEL, BETaL Y NRVAT AR L, Eiz, BT AT AORIR
IBBIEEE IS, HDR brachytherapy OV HEINRE Th 5 F 5 HRE O IR E
T AT L VEFHE LT, AV AT AT, BRFERE T T —E2RRTICRNTH 2 L
. RIS RBE A % 59 % HDR brachytherapy D EREH A 1L L, etk
EHERT BT DD MY —Lv e LTHIRTE 2,




2. A&

2-1. "9?r {giH & RALS

AHBFZE A L7- RALS X, Elekta #8 microSelectron HDR V3 TH % (I
9), —fEEIZ RALS [HIGEENOREER®E2 =y b L BEEOKRFEL=y I
2 ko> THERR S5, microSelectron HDR V3 (285 L7z 2 BRI, AT
VLR — T RSN ATV LV AES TR VICER 0.6 mm, F & 3.5
mm @O 92 REASNTND, B FEALORE SiF, B 0.9 mm, & 4.5
mm T 5 (10), microSelectron HDR V3 T, &—4% —EREI T AT LDER
FAENTED ., IBEHECRE ST BRFERAHEC LY P BRIRD S S
N5, BIEBEEE, REREMRT. £2h 500 mm/s, 2.5 mm TH D,
F 7 EERERE OB/ NRETTRERRIL, 0.1s TH 5, 'PIr #REIL, F-# 380keV
D vy BEHH L. RN 73.8 HTh AT, 3—4 7 H T L ITHIRRBRD Y
ECh D, AREICRITS 12 FROZEK Y —<REIL, 35222 mGy-m? -
h1Th 5,




(a) (b)

1 RERENE —2— 80

2Fxu 7 =N BBHE-F -8
3 iRIRENED

48BEE

5A/F oY

6 77V =8/ N7 =TI 6

K 9 EMEERERLIEE (remote after-loading system: RALS) . Elekta #H5¢

microSelectron HDR V3 4. (a) #HEHE== v b. (b) KFET 7'V Fr—4.

(a)
(b) .
Ir-192 Stainless steel capsule
R Sz v/ ‘/
09 mmI 0.6 mmI ( —
A N
: 3 3.5 mm i \
' Stainless steel wire

4.5 mm

10 Elekta 4% microSelectron HDR V3 [Z## ST\ 2 I FRIEDOHEIE.

(a) BRIESME. (b) FRANEROREIE.



2-2. 19 B R T LDBE

192 IECEBR O T2 D ¥ A —AVER Y AT AOSMEER 11 1T, A
RF M. v BRHEOEDIZHEKRD GOS Vv FL—F, CCD I AT, BX
VYR —L Y A= 5 A DF VTR LET AV IREFER v 7 ZCE
=l By s ANBEEL, Vv FL—a VRORR R IET B0 BAT
ThwA MEELT,

GOS L v F L—& L, EFBUE TR X REG Y AT LORELRT
RDT 5w bR AR (flat panel detector : FPD) (ZFI Sdv, ZEME, @7
L. F L CREEIENL TS, AT, GOS Y FL—FThoH=
Ffp 28 PI200 BT VAR L, PI-200 1, M HRARREF OALER O E
BB RNOR & LCHE ShE, BoREF—X ROBINELSE BRI
MHBTHY, V=T v 7 EBED MeV L-ULO X BRI L TRREZ R
. WIEBEIT. X BBEO 140—200 pm (2% LT, P1-200 iX 436 pm T&
D . %#B (plasticbase: 188 um) &{R#RE (polyethyleneterephthalate: PET 6 1
m) ICEEER TS (M 12), ByR—nAal A—E, TaT7 /b ErR—
) A—& AL BEALBICHET A YT L— s VHOART LAY
7 NEGRATAETREE L, TaT7 A Erk—al A—Zi% ES 20mm
DER (83 98%. T 2 FE L 2%) 122 DOEE 1.0+0.1 mm ABHA L7
W A—/uAs 50 mm BIFE (FOREHE) CEREBELZbLOEAY VIV TR
si#U/E 72 (" 13), CCD # A 13 BITRAN #:8 BU-50LN ZfH L7z, &
7 2Ly R (LMI12ICIM, Kowa) & # BB DR, 45 degree D &K TEDML
FENLRR SN YV T L— Y g VOB ER & B L7 (28], 8% A

S ZMNCT VI a— F LR T o NV ADOITAE L2 b D2 Lz, CCD




W3 JAREOBOBEEICE PN A=Y T Aary Ea—FIld 74y
s (K 14), CCD E#D~< b Y v 7 A% A A& 772X 580 pixels

-

(0.33mm /pixel) TH Y, 16bit 7 L—AT —L DT VI VT —H \EH LT,

Dual-pinhole collimator

L

GOS scintillator

CCD camera

11 20 BREGEEF S R T L DIMEL

Protective Layer (PET) 9 um ‘
Phosphor Layer 436 pm 63050 pm
Supporting Layer (Plastic base) 188 pm

12 FAE YA - BR Y KU =9 L8086 (GOS v F L—4)

(P1-200,=Z{b5F) .



(b)

300 mm ‘ ‘

e
"50 mm

300 mm
70°

25.5 mm

1 mm
- e
i 20 mm

13 BT LT - Budk—Aal A—% . (a) SMEL (b) 50 mm FHRICEE
Lz 22Dy A—/VEERE. () M#ER L &R —/ L ORHEX.



PR

19211.’%5 ?);‘?:

e E 7 5
/ FRIE % o b=

Ay b o=y b
< Fa7 A rhE—al) A—F l

2131111111 t GOSv v F L—4F

- CCDHW A7

300 mm / 4592 _

I FHPC

< i
1€ o

300 mm | 300 mm

14 0 SEER Y X 7 A OISR, ERENICHRIRERE = v b e P

BIEGBI Y AT LERE L, TRENEBRIEENDHIET .

2.2.1. 2BATFLAEIZED 3 RTHBMEDBE

KEFETIE 2 SOV R—LOHRREFESLTHT LV MNEREREAW
7 (2 15), 3 RICBIEEAE S(X,Y, )bt Ens vy BIE, 727 v v
Rl EI LT GOS &> F L—F MBI Li(i,j)s La(in o) P 2 REFEHS

HH, TO 2 OOFMAMAE, 2 DOV R—AEESERBRICHRS N




(P HE—SHH) . Vo FL—FETSZOERBRITZRANAR, 2, R
BT L—aE (Fid, L) A—2HE) EOBBEHIEY, 250
FENT B ORI T D, F LT, Ly Ly & 20O R—1AP PBELH
PHESERIL. STRET S, ZORAFENERICEIY, Y TFL—Tar
BHEND L. L5 EMR 2 IBAT VAIEIC L 2 ZANRICESNT SR
HTx 2, 2 SOREMBOERE (X7 LAY 7 M) did, RDTRED,

d = /(iy — )% + (1 — j2)? (1)

Y AP FL— g VRDRRNBOREE LG, HET D L SITBMHERER
OB SRENSROIZTEALND,

()-(7)
7 a-D f

ZIT, FBEUDIFENEN, 2 ) A—F VT LR, B
LNERTH D, ZNHIXEEETH Y MEBEICEEL 5 2 D A HEER
BOBBICEEVEBEERLETHS, AR TERALL f& DX, Thth
213+ 1mm & 50.0£05mm ThHd, ZDaY A—F & GOS Vv F b—F Dl
BIZ L BV AT AOFREZ, Z=100mm, 150mm, 200mm (2T, €

NENX—Y EETHEE 34 mm, 63mm, BLOP2mm THD,




2[5
S(X,Y,2)

T ER— T -}

GOSv v F L —4

B 15 2 BAT LABICL 2 ZAREBEOEAN. v FLb—rva V0%
HNE Lo(in, ). La(injn) & 2 DD E Y R—/VP, P ERESERRIL, 3 RITHR
BB S(X,Y,Z)CRETS. L NIF 2200V v F L—a U HOFEMLE
DHETHY . diZ2 SOREFEHTH S, FRIODIZZENEN, 2 A—
gLy vFL—r N, CUR—LVERTHD.

220 LUUFL—3 URDERENLEEREADEHR

ARFFETIE, YT L— 3 VHROFENE (CCD ERO 7 EE) 1,
192 SR B B S LB y BROBRESARICKIET 5 L IRE LT, TDIzd, &
HEcit, Yo Fl—ya v HOFRRMEBEO Y 7 E/HE (pixel value: PV) &

ERCIE LRI & 0 R RRICE R L, S bIT, 3 RITHRIRALE



BT ABE— L F L —F BEES J Oy SOV T L— D AS A
Bk L CREEEAEE L, RO L EERELZEE LT,

Dwell time (s) =PV -a-ksx kg kg (3)

T I T. alF TSR L BB L PV ORNIGERETH Do ke ka®S
L ki, FNEN ab BUE L BAELMRIC R D IRRE, BIE—v T
L— & REEHE, v AR A EOMERK CH D, iz, PVIL, 22DV TF
— g VHORRMEORKRE 7 ENMEE T LT,

2.2-3. FrIFL—bhvyFrIHEMERNALERDEROBEIE

BEMBICHS LYy T L— a UROREAED CCD BRND Ly,
LB CRETLEDICT YT L— by F U JEEFI A LTz, CCD
2T L VB SN EEERICRI LT, 7 L—A Ty y F U TR EE
T 3 WRBIBEBIEAZ 2 FEOBERICE SO CHEBNCEHE LD L
AL TIE., TNEI v Ea—Z—E Y3 T477 D OpenCV % Python
27 U7 M2 & V34T LTz, OpenCV 1%, BEECENENCKT L TT A /L7 ML,
TR IR B RO A T DA 8%  OMBENREF ST 2,

FuFl— by Fr s ik, ERNCHE LZE®R Y- (T T L—
NE) OEBABEBRNICBT ABEMBERETOHIETH D, AT
iE, T L MER L R SRR ORI 2 FHE T 2 MEEE AT
MBI &1, 2 DOTF —F OEREE ST D e DICHBREE R 5, HE
FRET-1.0 0B 1.0 OFEEEIRY | HoKE 1.0 1882 IF EAHBEBRICH Y |




Fo S L— NEG S ERABERIT B L TWA L T M AR E
kB REHFEE LT, EF{LAEFER (normalized cross correlation: NCC)
L P oS ER AR AR (zero means normalized cross correlation: ZNCC) ?
2 oNRB B, NCC It, 7 v 7 L— MNEG & ERAFEEO Y 2V ENEE T
% LA MRS L BT B RSN B D, LA L ZNCC Tt 7 v 7 L — MER,
PR REG O 7 RIVEOEHEL B 2 & T B B AMEOEENEGRT
x22E U CHEMBEGEEHETE 5, TORD, AL TIE, ZNCC ZEHH
L. BEMABIC S LYy FL—ya UHRORSMEERE Lz,

CCD # # F1C & » CTHE SN ERMBEBROE 7 &/ TOMBERE
RIZX@TEZHND [29,30]

R = M) -DIEN-1)
S DDA B )T

“4)

::T\Kwﬂﬁﬁﬁm\%n%ﬂ@%ﬂ%@@k?VfV~F@@®E?ﬁ
METH S, . NBLIOMIE, #hEnT 7 L— MEROTE LSO
BEEETH 5, EHRABEBROFEHE 7 wE IIX, KO LY RO LD,

Xy ((F) 5)

FElC. 7 L— NEBOFEHE 7 EUE Tk, R(6)TRD LD,

T=— SN S5 TG ©)




W EE TH D CCD BEENICB AREMBICHE Loy T L—vs
VY DI BRI M A BMREM R R THH &7 BB E LTRET
X %. ABFETIX. CCD Eifg 0+ T OfEZ BHERZ L LT, OpenCV O
TrA I B %L cv2. TM._ CCOEFF_NORMED (2 & ) S2%& L7z [31].

WIo, K AT AOBIFENY AT LD FA LT v —bamrd (K 16).
SuFL— g VEBECCDIAFICED vy v ¥ —RE 2s THEFRY L.
BEEEA o o — A~ LT AT LTT v b — by F U TR RAT
L. GOS Vv F L—H DFIATE & BHEND 3 ITTAIREE L 2R &
B LT, B STz CCD B O HIERERIT, MEK TR 04s OIS - B
MBOBEEE A, THEN2s TEICHNEND,




(a)

(b)

(©)

‘ 2s . 2s v 2s
Image 1 Image 2 Inlage 3
Time g
kB & UE G
Time g
) 2s ) 2s
Output 1 Output 2 Output 3 Time >

16 BIEEHL AT LADZA LF¥—h. (a) ¥ v ¥ —HE2s TDCCD

HASICEBYTFL— a VERORE. (b) BRLED Y a— S0k

BLFLTFL— b= o F UL HEBLE. (o) FIEME & EZRBORE
HEEROH .




2-3. Y UFL—a vAOFEREOFE

HDR Brachytherapy CIZHHENS AMEN THREIT 5720, BR— T L—
2 REEEE L 2 BB DB ERD y ROV T L—FE (Ea—)
DASAET. BB L T 2T Brd—ial A —F ORMFERRMEC
WET 5, #0FH, VT b—a VHRORERESAITRFRALE - LI/ D
SrREILND, ZOEE, TS L — by F U I KD RMNEER
L EREER ORI EREE BB AR B2 BT ), FORERMEIC OV L7,
GENEL Y SR o TBEISE, ARAE DL OIS MERSE LT
(M 17a), HBIE T ESBEOBREMEZEEL T, YT L—FEICHL
T 76—90 degree D AHAEITTHIRT 5 & 912 374 mm BBy S Wiz, P FRIR
O EREOT 7 YAREET 7 v h AR L R) TR —AROT
L% 7 N A5 —F b (Lumencath 7 5 —F /b, 150 cm-6F, Elekta) % 7KiEIZ[H
EL T, 7. BIE— v F L—& [EHEHE 313,363,413 mm  (ZK¥E 100,
150,200 mm) ICEIE L. ThENOFENMmE Lz (K 17b), BEOE
BRREREIL, 25 ICEE LT,




(a) 192 i YR

Erk—naly A—H

GOSY o Fl—47

\

0 76-90 degrees

(b) //7V$vfwﬁ?—?w

FaTFN e Brk—/)al) A—%

GOSY v FL—%
3

192&%%

N e o e e e e o e e = -

B e

K17 (2) BIEAEICHT 2 v ROV v F L—FE~DAFHAEDORE (0 %
76 degree 7> B 90 degree F CZAL & B TENHA & FHE) . (b) AHENOIIFS

ITORT LR TABTF—T DRy T v 7K.



2-4. VRTLRIFEHEEOEETE

2-4-1. 3RTBREUBEDIERE

AT, Vo FL—a VHRORSBEET VT L — hwyFUTI
FuEET S, E-. CCDEEBED 1 7L —aM0 o s e/VE FELE)
1Z. CCD B A G DY v v & —lE (Vv v & — ORI [T 572D,
B v F L—a VEREATRET A OIIERV VY v 4 —EHEDSLE
ThBH, ZhiT, BREBHORESMBELIRT SRR L RLTD, vy Yy
B—EEICHT AT S L — by F ULV T L—a VRO
MBOREREERTH L, CCODIATDY ¥ v —HEZ 0.5, 1.0, 2.0 s i
wEL, BEShEY Y FLr— s VHEOREEEEL 3 IRITIFAED
S AIEAS M A U BB & i Lz, £/, 77 b— MERIZ, v #7
R F L—ZEICH LT 90 degree DA A TAS LIZBEOFEBR DI

FER A 10X 10 mm? (30X 30 pixels) 12 b Y I 7 LB ZERA LT,

2-4-2. EERHBHEOINERE

K AT AL, VoFL—va VROBEEN LEEREEEHT 5, €
DI, EEERICHT AV TFL— e VEORENE (BRY 7 BVE) &
DI E TS L, (EEER % 0.1-120 s (CE{L S+, CCD HEAD
BRE S BMEE FNENRE L, P BEIE, 1 20 R— A EESE
WY LT L— B EICK L TEREICR D X D ICKIER~RE Lo, £, KR

100,150,200 mm = & 2 FHEHEIE Lz, CCD EfRIE, Ny 7 770y Nk




BEASL T ) A RERETIEDAT 4T 7 4 VFE (3X3pixels) &
FFotre ¥y v & —HER, EEER LY bR T 52 & TRETICR
FEENKT 75 L0 ICRELE,

2-5. EEFRAEIIVICEDHVRATLAEREDE

T EGEEIZ % 5 HDR Brachytherapy 23 3 = L— b § 5720, 4T LB
FOFRA F7 7Y & —4% (Standard CT/MR Applicator, Elekta) % 7KIEPICECLE
LT, P SEARE L, LT ATV =207 70y BRTR, 75
EEOIMABE D) &) A—& L OMOERIL 150mm, 7T VeV T L
— & FHEE OB 363 mm & Lz, BIFBSELFL, BRICR O T RE 28
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