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Development of Indirect Dosimetry by Calculation Method in the Diagnostic X-ray
Equipment
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Abstract The purpose of this study was to develop the indirect dosimetry by calculation (IDC) method for diagnostic
X-ray equipment. The experiments were performed with inverter type X-ray tubes: Toshiba (E7252X, Japan) and Varian
(RAD-14, USA). For the development method, we first applied the standard quality of X-ray beam shown in the TRS457
document, and second, to produce the constants of trendline for the IDC, the total filtration on X-ray beam was
subdivided. Third, in order to increase the precision, the energy region was divided into the high energy region and the
low energy region and developed by the IDC, In order to verify the IDC, mean dose (mR) values were measured for
three Toshiba X-ray tubes and three Varian X-ray tubes at clinical medical institutions and then compared with the IDC
on the 2013, As a result, compared with the previous study, the accuracy of the IDC of this study were improved by
2.71% and 9.91% in Toshiba and Varian X-ray tubes, respectively.

Key Words : Diagnostic X-ray equipment, Indirect dosimetry, Standard quality, Total filtration, X-ray tube
B4 BHol: xekgextg o], I AFSA, 35 A, F o, xAdd

| M 2 o] Rashyl 7o) 27 Ho] dAte] gt AalE
chil, webd ek 717h Qs dAke] BEe fa

Al A GRS G4 4847 BB Hol 9 = W) QoA XAlY] ofuix] 9ot Ak Aok Tk
o WEY SAIFS A EE XA Sl off A el QA 28R D e A9 127 A1 of
OB WAL WEL, ofv] & B MPFF/ W Ux EAe] tha S8 WSt W] uhel whacke 2
0] 3} 12 XAl sl BEo] A/ emEE, XA RS 25% ol ollx] WSNAE el Bdo] dFe

This research was supported by a grant (18171IMFDS329) from Ministry of Food and Drug Safety in 2018,

Corresponding author: Youl-Hun Seoung, Department of Radiological Science, College of Health Medical Science, Cheongju University, 298,
Daesung—ro, Cheongwon—gu, Cheongju—si, 363—764, Korea / Tel: +82-43—-229—-7993 / E—mail: radimage@cju.ac kr

Received 29 October 2018; Revised 27 November 2018; Accepted 17 December 2018

Copyright (©2018 by The Korean Journal of Radiological Science and Technology

UL 71EE 20183 Al41H Al6E 587



Yolg-ol%

g-ole15)- 49

kel
e

N
O
2
Ir

ofa masta glrkz), webd PR XA Al

77 ok
B WE-239 AAeE XAS TS 243
4] RS AT 4 UeHa]. ol HAE XA A2
o §e BEES XAS Husp] A = Ael

(exposure creep)” AL S AL, oS WA T 4= 9)
= o] atEar QltH4]

olof] 2 = A717 159142 ) A7 1%+ A(International
Electronical Committee; IEC) 60601 1#24 3.130] BF4 %
olm71719] WAkl bl et W 2715514 IEC 60601-1-3
A Aekg XA A 784 TEC 60601-2-5400 4= Rk
WAPAHAL Al AlS S AR tisf] HAAFAES S5t
2] AAS E5F 7P A S ARESFe] EASHAL

71 ghel 29 AEHde FEEA AAE ZlE 8kl

%!

>~1

12 Ei

As7t ek
o Bog Lehj BAR
ofl AL noll vlelsk AaES Liehdic, ujebd XA
220 o] 23k 7 AR EES FiA xAlY] &
Hol| JFFS )= A, WHAFHO F 7HK] H4eF X
A ekl thgt JIAE arestofof JHeH7]. XAl ] oflA]
Zrekol] J3Re ujAE AR E XA dfojkel Bt
IS BT & ofuet A=A Aol Higt defer 4
B3 2 UO7). FolAE 20134 AEeloREela N (4
ofA]) ol A Arkgol A o] SR S W] gl
ZH Aol AAE Zo] glont 1996\ Moriz} 7lkét

ARSE AR A os dRGIIA 9] ALE G
of zfo]7} whAysEaL QlHs].

wje}A] 2 QAo olefet 944 FAsk] Sls) EC
6126794 A= =A9o] o2 AAE RQR (radiation
qualities reference) A2 FF3F5GTHI], 1831 A
o, AR, A9, ZE F0 w2t SA4E HHEge B
Yz gape] MgAnrt et et BAE 4 gEE 7]
2] 170 A AL AT AR AR 3

k.

-

R

F

O

al
=

Il cHeh & 2

o

AR Sl A R AFESHL gl Qe Al X
A 2 AL w7t =2 EAHF XAIHET252X, Toshiba,
Japan) ¥} H|2]eF XATHRAD—14, Varian, USA)S tjAS
2 3t om ZH|o] ARFRE Table 13} Zt) AAE AH|=
IEC 60601-2—54 o q1AA oot 7|2 k) H4
deoll Bk JE aAARRS WSSl

Table 1, Main specifications of X-ray tube

Toshiba Tube Varian Tube
Max. Voltage 150 kv 150 kv
Focal Spot(mm)
1.2/0.6 1.2/0.6
(Large/Small) 2/0. 2/0.
Permanent filtration 0.9 mmaAl 1.0 mmAl
Target material Tungsten Tungsten
2) AFE47] A4
7H ﬁ% 7414_}“ ol "agt A dlolel= IEC
L

o ‘RlEP[lO A
9 79 Aso s E%‘ OH—|~“
RaySafe, Sweden)S ARESFIC)

3) 71&

el ua 717 238 917 U Aot 84
i Wks AR Bt E 98l F77F 0.1 mn, 0,2 mn,
0.5mm 1.5 mm 2.0 mmeE {LAE U42ujE T
alloy 1100)3} 0] 2& Z2jujo]elo] 428 4 == Fig,
13} o] ZpA| A2kt LE AAhE ARE-SHRATH

IH Aluminum,

Focal spot

HVL
Added filter—

Filter Supporter 4| fijtar

Fig. 1. Self-made filter support
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& Atollde 20149
E.LXﬂ %Z}E_,ﬂ 7]7H(International Atomic Energy Agency,
IAEA) 9] Technical Report Series No, 457 (TRS457)9] -
Aol XA AR 9] MeF o= Hirstal = RQR
S FE357] 9f8l] Table 29 2o] 2} o #]of| = W7}

S Axste] B AES R ol RQRS S04
7F fle AeolA ke S4she &2 AdoltHiz2l.

Table 2, Characteristics determined for each quality of
radiation RQR

Radiation quality ~ X-ray tube voltage(kV)  First HVL{mmA)

RQR2 40 1.42
RQR3 50 1.78
RQR4 60 2,19
RQR3 70 2,58
RQRG6 80 3.01
RQR7 20 3.48
RQR8 100 3.97
RQRY 120 5.00
RQR10 150 0.57
3. XM =9
XAH] 28-S 5% 3}71 el A 48719 S XA
&) St ZAoRe 24717 i Rt

] H]—}\HOI-Z] =2 stk Fig. 23} 7o)
XA 2437} HE7]12 100 ang 31 HE7) vieke] 3 m JeS
AlgbAo] o3RS ubx| oI & A X3

Digital
Ruler

Fig. 2, Installation of experimental equipment
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2 339 RHE AL & et A mR) 4 T HF pRsle) AeE k) Al B2 sle e WAL
A%2 20139 Aok AT AE ST B AT oz slm g22e BARD XA s AHet g
oflA Al 7Y A=F Akl et Batgls At A ZF Bt tigt 244 HHAALS &3] 7872
ALV A% g A2 A g Alol9] QAES HIIL g 2 ahm ARERS Ak bR ARSI EAH} X
sHATh 2AZRS v WEl= o] 8= 2013WE 24 34T} Aol A 2% 243+ A3Zko] 9J5}o] Table 33 AT
B 499 54 $70] th2y] ulRo] AEGE AUA 7] ) por AEo] mE s ek,
Table 3, Constants according to tube voltage and quality of radiation RQR in Toshiba X-ray tube
Tube Voltage  Total filtration (mmAl)  Added filter (mmA) Beam quality . Constant 5
2.3 0.0 RQR Standard 0.1302 3.4578
2.8 0.5 RQR + 0,5 mmaAl 0.1282 3.8255
3.3 1.0 RQR + 1.0 mmAl 0.1160 3.6771
3.8 1.5 RQR + 1.5 mmaAl 0.1049 3.4472
40 kVp 43 2.0 RQR + 2.0 mmAl 0.0962 3.2871
- 4.8 25 RQR + 2.5 mmAl 0.0874 3.0696
70 kvp 5.3 3.0 RQR + 3.0 mmAl 0.0801 2.8862
5.8 3.5 RQR + 3.5 mmAl 0.0729 2.6698
6.3 4.0 RQR + 4.0 mmAl 0.0673 2.5098
0.8 4.5 RQR + 4.5 mmAl 0.0624 2.3732
7.3 5.0 RQR + 5.0 mmAl 0.0584 2.2576
2.3 0.0 RQR Standard 0.1347 3.6177
2.8 0.5 RQR + 0.5 mmAl 0.1315 3.8005
3.3 1.0 RQR + 1,0 mmAl 0.1283 4,4613
3.8 1.5 RQR + 1,5 mmAl 0.1229 4,7244
80 kVp 43 2.0 RQR + 2.0 mmAl 0.1158 4.7748
N 4.8 2.5 RQR + 2.5 mmAl 0.1118 4,9669
150 kvp 5.3 3.0 RQR + 3.0 mmAl 0.1065 4,9522
5.8 3.5 RQR + 3.5 mmAl 0.1034 5.0351
0.3 4.0 RQR + 4.0 mmAl 0.1007 5.1377
0.8 45 RQR + 4.5 mmAl 0.0983 5.1934
7.3 5.0 RQR + 5.0 mmAl 0.0942 5.0890
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Table 4, Constants according to tube voltage and quality of radiation RQR in Varian X-ray tube

Tube Voltage TOt?r'n:':Z;“O” Added fiter (mmAl) Beam quality - Constant -

32 0.0 RQR Standard 0.14787 46427

3.7 0.5 RQR + 0.5 mmAl 0.1306 4.2764

4.2 1.0 RQR + 1.0 mmaAl 0.1170 4.0061

47 15 RQR + 1.5 mmAl 0.1063 3.7408

40 KVp 5.2 2.0 RQR + 2.0 mmAl 0.0981 3.5985
5.7 25 RQR + 2.5 mmAl 0.0902 3.3598

70 kvp 6.2 3.0 ROR + 3.0 mmaAl 0.0836 3.1630
0.7 3.5 RQR + 3.5 mmAl 0.0759 2.9022

72 40 RQR + 4.0 mmAl 0.0688 2.6273

7.7 45 RQR + 4.5 mmAl 0.0640 2,4988

8.2 5.0 RQR + 5.0 mmAl 0.0589 2,3189

32 0.0 RQR Standard 0.2159 10,2050

3.7 0.5 RQR + 0.5 mmAl 0.2087 10,8080

4.2 1.0 RQR + 1.0 mmAl 0.2046 11.3960

47 15 RQR + 1.5 mmAl 0.1962 11.3500

80 Kvp 5.2 2.0 RQR + 2.0 mmAl 0.1735 10,0740
- 5.7 25 RQR + 2.5 mmaAl 0.1736 10.5340
150 kvp 6.2 3.0 RQR + 3.0 mmAl 0.1723 10,8490
0.7 3.5 RQR + 3.5 mmAl 0.1604 10,1760

7.2 4.0 RQR + 4.0 mmAl 0.1535 9.8615

7.7 45 RQR + 4.5 mmaAl 0.1470 9.6011

8.2 5.0 RQR + 5.0 mmAl 0.1426 9.4857
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Fig. 3. Verification result of X-ray tube (a) Toshiba (b) Varian
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