AL 7| e 0hsl Al44E A1S http://dx.doi.org/10.17946/JRST.2021.44.1.39
Journal of Radiological Science and Technology, 44(1), 39-46 ISSN 2384-1168(0On-line) ISSN 2288-3509 (Print)

<®N>
DR A|AEIAM 2E B350 L2 F2[2Ee R34 I}

1) 2)
AR AT
e L L I B R M AR

Evaluation for the Usefulness of Copper Filters according to Mode Change in
Digital Radiography System

Kim Jae-Kyeom"-Kim Jeong-Koo?
Y Department of Nuclear Medicine, The Catholic University of Korea, Incheon St. Mary’s Hospital
2 Department of Radiological Science, Hanseo University

Abstract This study confirmed the usefulness of the copper filter according to the mode change by comparing and ana-
lyzing the energy change according to the application of the copper filter and the change in effective dose and image
quality according to the distance to the subject in the DR(Digital Radiography) system, The average energy increased
when the copper filter was applied and the reduction rate by 50% of mAs was increased as the thickness of the copper
filter increased according to the application of the 10 kVp rule in AEC mode. The effective dose decreased as the thick-
ness increased when the copper filter was applied in AEC(Automatic Exposure Control) mode and manual mode accord-
ing to the application of the 10 kVp rule, and the decrease rate decreased with increasing 10 kVp increments, As a re-
sult of analyzing the dicom images for AEC mode and manual mode with Image J. the PSNR(Peak Signal to Noise Ratio)
values were approximate values of less than 30 dB for each mode and for each copper filter thickness. When the copper
filter was applied, the average energy increased, so when the 10 kVp rule was applied, the mAs for each mode could
be reduced, and the effective dose could also be reduced. However, as the distance and tube voltage increased, the re-
duction rate of mAs decreased, and the quality of the image was found to decrease when the copper filter was applied,
but there was no difference in quality of the image when the copper filter thickness increased.

Key Words : Digital Radiography(DR) system, Automatic Exposure Control(AEC), Copper filter, Effective dose, mAs
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Ajslo] B ash,
T )R |TNA ARG AR ErE A
L 9le] U3t AAS Susto] o=o] ALgSka ICRP
of| A Hildl= ALARA(As Low As Reasonably Achievable)
of et Ao S FowA SR} vk AR 1%
= F|asleles Harshar Qiokl], A om7]&o] Wt
7SRl thet ¥ S7EE Qlste] = FAefeA At
AukEd2 vl 7~9% A= F7I8kL 9ot JAFelst
AL A57L STV AR TRt SRl wheh 2kxb
FAF o ot ohefet A7) 8= leH2-5].

A R 8 AP (Digital Radiography; DR) A]
2dlo A YR Q4] B W A 9]E A3k fisted
571 DE7t 285 DR AlA"RS ARSSIAL Qlek FE= o
2] 3o ouR| = S E tHA AR S o3t B F
TAA A ol H A 9] FA7E hRtol| mEsr] Hof vlE] &
geoto] SRAke] mEAFE FAAl7]aL, XA 9] Bat | A]
£ S7HIA = S ste] gFAe I vlAle
QIxfo|tHe], ol=3t Rrt e F FeTEE 483 DR
A" O] TR kel B H AR Agdoll Bt ohekgt
W2 A7t K= eHT7-9]. T, HARR ] oJgt A
QF, WAF, A=wEA|o(Automatic Exposure Control;
AEC) S| AF 474 wste] 12 34} 1Ee] 5] 9
gk AAAEY] ¥ ®3F FR5HH10-13],

upeba] 2 Aol A= DR AlAF oA FHe] e o thefgt
2 gof w2 XA oJA] §stet AEC 2 E=(mode) H Wl
A REofA mAA|eke] Aol g FaAE H F4Y
shal Hsls Bl ZEA5ke] R WHalof| wE F2|dE 9
84S &elste] DR Al&Fe] glo] @4 aH 9] 228t
of g} )& A7HBkE QI IUARE AlFstaat it
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Table 1, The characteristic of detector and tube in DR system

1. fH

2

__rL

H oLo)| A ARESE DR A|AEI(XGEO GC80, Samsung,
Korea)-2 ]9] Ad5 A/dS flol Xk =A%
219] eHytE]o] wE Ae HARIA A #e B
A5 ARESE ST, ICRP Pub, 23| w} Al2bE &=
ol=¥ WME(SP33, IBA, Germany)S DR A|AHEIS] AEC
Rt wnd mEo] M 4t Brtel o] &skelrt
(Table 1), (Fig. 1),

[0)al

2

Fig. 1. Acryl phantom used for effective dose and
image evaluation in DR system

xaie] o) AHEwe BAS] Slsjo] ofstee) W
58+ 4L4(The Institute of Physics and Engineering in
Medicine) oA A|Z3I= ofuix] ABE 2 720] SRS—T8

= ol gstlon, XAl AL Al et = A W A71E

Model XGEO GC80
Pixel Matrix 3,000 X 3,000
Pixel Area 429 X 429 mr
Pixel Pitch 143 um
Detector Grayscale 16,384
Dynamic Range > 14,000 LSB
Rosolution 3.5 Ip/mn
Energy Range 40 - 150 kVp
Anode HU Capacity 420kJ(600 kHU)
Target Angle 12°
Tube Focus 0.6/1.2 mm
Inherent Filtration 1.1 mmAl @75 kv
Maximum Continuous Heat Dissipation 1.08 MHU/hr
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eFe olg o AWal] Slsto] RelrlgR Zawel
PCXMC(PC—based Monte Carlo program)& ©]-835}4t}.
/48 7}+= NIH(National Institutes of Health)olA] A&
Sh= Image J(ver. 1.42q) HAE YA Z2IHZ o8
stiet

M}
o

N
I
't

oAl 2HMEHS SH4s}7] flsto] SRS-78 Z=IHS
oj-gstlon, EHlEAS gadlor ARSI oy
2 ER] AlEdo]do] AREE WY DR Al2Hlof|A] &
B AAF Al A AFESH= 70 kVp, 80 kVp, 90 kVp, 100
kVp= 217} AAsialon, g9 F7= ¥ B]AE,
0.1mm, 0.2 mm, 0.3 m% A5t} ofHA] 2BERS Al&
glo]d slth(Fig. 2).

3% Spectrum Processed - [c:#rep78#specwiconstant#080120.spc] I [=] P9 |
Spectrum Detail  Materials Used to Attenuate Spectrum
TargetMaterial:  Tungsten (W) Material Name Thickness | mm
Tube Voltage: 80 kvp Aluminium Al 3.00 8
Anode Angle:  12deg  Voltage Ripple: 0% Aluminium Al 0.00

Copper Cu 0.00

Source Filename:  080120.spc

Photon Spectrum
P ‘Y-xis Scale: @ Linear _ Log 10 T Photons

£ 4300000 1keV per (mA s mm?
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0.00E+00
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~Analysis of Spectrum

Mean Photon Encrgy!  44.3 keV S peEli (RN R
AirKerma:  1.392E+02 Sly per mAs at 750 mm - .
Process New Spectrum

1stHYL:  3.165E+00 mm Al

Fig. 2, SRS-78 simulation program for measuring energy
spectrum

A 2O 10 kVp rule2 A-83517] Y ALY 7
kVp, 80 kVp, 90 kVp, 100 kVpol mAsE 50%2 %4_/\]7]
& St o HlFd REoA IAFE 400 mAR s}
11, 10 kVpA &7} A mAs7} 50%% ATt ER] k= HE

of el Ao 2 AR tHTable 2).

Table 2, The mAs value according to tube voltage change

in AEC mode and manual mode (unit: MAS)
Distance mAs
Mode
cm 70K 80KV 90 Kvp 100 kVp
110 - . _
AEC
200 - , . B}
110 32 16 10 6.4
Manual
200 64 32 20 12.8

RANDO phantom(ART—200X, Fluke biomedical, USA)
o Big vzoz ofad W FAS 30 mE 3o
DR A|2gloflA F-2]Z e 5 ZE B]AE, 0.1 mm, 0.2 mm,
0.3 mm9] T2 WH3IA|F ) SID= 110 cm, 200 cm®
FEsIom ARC REOA TAS 70 kVpollA] 10 kVp
# S7HA1A 100 kVpWPX] 53] AL & Bt mAs HIFS
=Asgch, fadEe 245 ) BeplEs xea
2l PCXMCE 0|85t = Ha Ae] 9 g F7of ot
EF oz *%‘ ‘L}Z-]‘!TE A5k AlEdoldste] fFaileS

—— 11lcm ——>

Fig. 3. Measurement of mAs and effective dose according to
the change of copper filter in DR system
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DR A2<glol 4 Telae]e] wisto] we o
9l5}e] SID 110 em, 200 cm & FLE5F0] a} e
H|A8 0.1 mm, 0.2 mm, 0.3 mm®] A= H
W, ABC mEoh wlirel mEold SSa oXd
Image J% o] §3}e] T Watol vl We] w4
tH] 0.1 mm, 0.2 mm, 0.3 mm 5742 2] ZE]
JAFo] PSNR(Peak Signal to Noise Ratio)S H415}
(Fig. 4).
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DJ“ 4253 96 mm (1 451x1814), 16-bit. 5SMB. File Edt Image Process Analyze Plugins Window Help
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Fig, 4. PSNR measurement of image according to change
of copper filter in DR system
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1. 01||_-|x| AL E =

AT LB E o] FA HIlol| wE DR A|AHS] o
UA AEERS W53 A, ofvA] ¥ske Y 70
kVpollAl ¥ 82§l B9 XA o[H A= 40.5 keVolql
om, FEEO 577} 0.1 mm<Ql - 44,5 keV, 0.2
mm¢Ql ¢ 47.0 keV, 0.3 mmQl ¢ 48,8 keVE LJEMGE
ow FedE o FA7F 0.1 mm¥ F7Fe wjujch P
3.60 keV 718k}, Y} 80 kVpo A= v]2-8 UE
ol AL XAl YA 44 3 kevolglon, Fe|ZE|Q] T
7F 0.1 mmQl 7ol 48.6 keV, 0.2 mm¢l 790l 51.3
keV, 0.3 mm?l 9= 53,3 keVE eI OH 2|2
O FA7} 0.1 mm#A] F7Fe wjmuict Fot 3,89 keV F7F5}
At TAY 90 kVpollA= B H]H-§2l 739 XA oy
A= 47.8 kevolglom, F|HE ] FA7F 0.1 mmel 7
$o] 52.2 keV, 0.2 mm?] 790l 55.0 keV, 0.3 mm¢l 7
= 57.1 keVE UEon, F2|hE 9] FA7F 0.1 mm
A Z7Fek wjubct B4t 4,02 keV 57F8ESITE 100 kVpoll Al
= ZE HZ82l A9 XA ovA]= 50.8 keVol e
Tl ZE e =471 0.1 mm?l 729 55,3 keV, 0,2 mm¢Q!
785l 58.2 keV, 0.3 mm¢Ql 7= 60.4 keVE UERRES
o, F2EE 2] FA7t 0.1 mm# 718 wjuie} Pt 4,15
keV F7FstAtHFig. 5).
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2. 7

1) mAs =4

SID 110 cmofl4] mAs®] W35 2lgt A}, Y 70
kVpollAl F2]ZE 283 0.1 mm#] 0.3 mm7}R] 71t
7-0 mAs7} 25%, 30%, 1% Z7latg o, ALY 80
kVpoll A= mAs7} 25%, 20%, 21%E 24zt Z7Fstqich o
29t 90 kVpollAl= 18%, 18%, 23% Z7F81%2™, 100 kVp
A= 17%, 16%, 14%7} 273t

SID 200 cmof|A] mAs®] ¥3k= T} 70 kVpollA
22 A8S 0.1 mmA 0.3 mm7A] 7} A] mAs7}
34%, 33%, 28% Z7}8}3.om, 80 kVpollAl 29%, 25%,
22% Z7V8F3ich, ALt 90 kVpo A= mAs7} 21%, 22%,
18% Z7¥8}%.2.1, 100 kVpollA 17%, 21%, 18% Z7}3}%]
tHTable 3).

2) AEC &

AEC REOA dH | Ago] i fas
QIgh A}, SID 110 cmolA] faAlwke] Mah= ¥
kVpollAl 2] HE 8-S 0.1 mm# 0.3 mm7HA] F7F
%ol GaAlTre] Mak= 18%, 9%, 5%E Z¥2t 7F4stS
™, ¥AQ} 80 kVpollAls 14%, 11%, 6%% 7H28kiTt,
Z8F 90 kVpol A 1%, 6%, 7% 438+8.2™, 100 kVp
oNA 7%, 1%, 8%7} 7+48HTh. SID 200 cmo| A S-EAEF

N o
o mt S d

r

e 7() RVD 6.00E+04

—T0kVp ==80kVp
70

90kVp ==100kVp

30 100 40

0amm G G0 kVp

ouT

PHOTON COUT

PHOTON

.2mm it ). 3mem Cu

KEV

100 kVp

Non 0.Tmm Cu 0.2mm Cu 0.3mm Cu

Fig. 5. The result of energy spectrum according to change of copper filter in DR system
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Table 3, Results of mAs according to the change of copper filter in AEC mode (unit: MAS)
KVp Distance Cu filter (mm) D
(cm) Non 0.1 02 03
110 32 40 52 68 15.66
& 200 59 79 105 134 32,51
110 16 20 24 29 5.56
80 200 31 40 50 61 12,92
110 9.3 11 13 16 2.88
% 200 19 23 28 33 6.08
110 5.8 0.8 7.9 9 1.38
100
200 12 14 17 20 3.50
o] ¥igk= WA 70 kVpollA G212 E 85 0.1 mm# o 100 kVpollA] 18%, 22%, 14% 7H2=5H3ick(Fig, 7).

0.3 mm7HA] F7F Alefl FaATES 2442 1%, 6%, 7% 4
stem, WY 80 kVpollA 0.1mmof| A 13%, 0.3mmof
A 8% FASHAARE 0.2mmofl A= sk ot 2
QF 90 kVpof| A= 8%, 8%, 9% HA3FF S ™ 100 kVpoll A
0.1mmOJ A 9%, 0.3mmol A 20% FA8FAA|RE 0. 2mmo]|
Me HASHA] otth(Fig. 6).

0.3 HNon

H0.1mm Cu

#0.2mm Cu

#0.3mm Cu

T70kVp 80kVp 90kvp 100kvp

Fig. 6. Results of effective dose according to the change of
copper filter in AEC mode

3 v 2=

i REoA e Agof wE {
It Ay}, SID 10 ecmof| A FraAlFe] WSk WSk 7
kVpollAl +e]8E &8-S 0.1 mm# 0.3 mm7tx| F71
Qo] A AEke] MSk= 36%, 28%, 23%E ZFZF 71AEtS
o TAF 80 kVpol| A= 32%, 27%, 18%E 7HA38Th
AT 90 kVpollAl= 28%, 23%, 20% 7HA8H.om 100
kVpollA 20%, 25%, 11%7} 7345199t} SID 200 cmoj|A]
FraAlere] Hak= B 70 kvpollA] -8 E 282 0.1
mm#] 0.3 mm7Z7HA] 57F Alof| FRAR 217} 33%, 33%,
25% 7FAasl o AL 80 kVpollA] 33%, 20%, 25% 7
ax5F3le}, TR 90 kVpollAl= 23%, 30%, 14% 445131

5 IJEES. B

o=

J

(@}

@ Non

H0.1mm Cu

0.2mm Cu

#0.3mm Cu

70kvp

80kvp 100kvp

Fig. 7. Results of effective dose according to the change of
copper filter in manual mode

A3}, SID 110 emoj|4] PSNRO] ¥3k= Fte|ZEl 2]

S 0.1 mm# 0,8 mm7HA] F7kste] 253k G4 vl
3 9o A 70 kvpollAl 29,64 dB, 28,96 dB, 28,98
dB= UEtom], ek 80 kVpollAl= 29.49 dB, 28.86
dB, 25.94 dB=E YERGTE Y 90 kVpollAl= 29,22
dB, 29.31 dB, 29.35 dBZ e}, 100 kVpollAl 29.11
dB, 29.12 dB, 28.76 dB= YE}SITE SID 200 cmof|A] 3+
2%} 70 kvpoll A G2 EE 485 0.1 mm# 0.3 mm7HA|
7kl BSR4 Bl Aol PSNRE| Hsh=
26.24 dB, 26.66 dB, 26.11 dBE Uehgon] At 80
kVpoll Al 25,51 dB, 26,03 dB, 26,34 dBE Z}Z} et}
FHAQE 90 kVpoll A= 25,91 dB, 26,26 dB, 26,21 dB& L}

vFom 100 kVpollA] 26,71 dB, 26,16 dB, 26,92 dBE
LFEbdTH(Table 4).

M HEoflA FejhE o] A-gof whE PSNRO| #3t
£ gholgt A3}, SID 110 cmo| 4] PSNRO] ¥3H= 2|2 E

RS 61
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Table 4, Results of PSNR according to the change of copper filter in AEC mode (unit: dB)
Kvp Distance PSNR o
(cm) Non Cu 0.1 mm Cu 02 mm Cu 0.3 mm
0 110 29.64 28.96 28.98 0.38
200 26.24 26.66 26,11 0.29
% 110 29.49 28.86 29.54 0.38
200 reference 25,51 26,03 26,34 0.42
image
%0 110 29.22 29.31 29.35 0.07
200 25.91 26.26 26.21 0.19
100 110 29.11 29.12 28.76 0.21
200 26,71 26.16 26.92 0.39
Table 5, Results of PSNR according to the change of copper filter in manual mode (unit: dB)
Distance PSNR
Ko (cm) Non Cu 0.1mm Cu 02mm Cu 0.3mm S0
20 110 27.14 26.67 25.64 0.77
200 24,34 22,76 22,37 1.05
110 27.58 27.76 26.63 0.61
80 reference B
200 . 252 24.77 23.84 0.70
image
9% 110 29.14 28.69 28,04 0.55
200 25.93 25.54 25.09 0.42
110 28,64 28.33 27.91 0.37
100
200 26.79 26,58 26,2 0.30
28-S 0.1 mmA 0,3 mm7A| Z7fste] EESE JA) vl AEC REOJA] 10 kVp ruled] &J3} mAsE 50% HAE Al

dBE Ut om, 39 80 kVpollAs 27,76 dB, 27.76
dB, 26,63 dB= UETE I 90 kVpolA= 29.14
dB, 28.69 dB, 28.04 dBE UEFEOH, 100 kVpolAl
28.64 dB, 28,33 dB, 27.91 dBE UEFT} SID 200 cmo]]
A AR 70 kVpollA 2 EE 482 0.1 mmA 0,3 mm
7| F7Fsto] 253 /gt vlwdk 790l PSNRO| i3t
94,34 dB, 22.76 dB, 22,37 dBE Ujelron At
80 kVpollA] 25.20 dB, 24,77 dB, 23.84 dB&E Z}z} UyElS}
o}, IS 90 kVpollAl= 25,93 dB, 25.54 dB, 25.09 dB
2 Uk om, 100 kVpollA] 26,79 dB, 26.58 dB, 26,20
dBE eI tHTable 5).

=F
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V. 12

AT X QRGA ALTIOIA ARC RES} ul:
o wEo] Wl glo] TelBe Hgo] uE oA st
o sAp9] 72l w2 mase} SEA 2 GAS] PSNR
2 Fofo] TeiBE 9] G842 SHelsterh. DR ALY

gistojof sl mAsE AT 4 ¢le A M 7R
mAsE Aesto] S5kt

TEEE 2§ Al Bt oUA= STk en, #to]
10 kVpH] F7}8k 7ol Btoll|JAY S7He= 78l
o}, FIEE ARE-SEe] AEC EE0fA] 10 kVp rules 4
23} we} mAs= Bt 51.9%, 43.6%, 39,2%% 7HAslel
o}, o= FEEE AR Al 3ol 10 kVpX] F7Fe wjut
o} FatolU x| F7He0] F71s7] woll mAse]
o] Eolt= o= AlmETh

SaAFE 10 kVp rule A8 wel AEC HE 2AHS
& PCXMC Zg2Id& o]gsto] AlEdgloldst A}, 10
kVp rule -] wa} SID 110 cmoA B 19.5%, 14.6%,
14, 29%% A543l SID 200 cmof| A B 15.8%, 13.3%,
15.3%% ZHasigict, 2j8yE A8 A 0.1 mm¥ S718
wfjujc} SID 110 cmol|A] Bt 12.3%, 8.2%, 6.3%%) 7A4s}t
Q.o SID 200 emol| A B 10.3%, 3.6%, 10,9%% 74
skt miwg EoA= 10 kVp rule Z-gof W& SID
110 cmollAl Hit 15.9%, 12.9%, 8.6%% TrAadtyon,
SID 200 cmol|A] H+t 8.3%, 6.5%, 6.3%% astAct T
2| 8E A8 A] 0.1 mm# F7Fe wjubct SID 110 cmolA]
Bt 28.8%, 25.6%, 18.1%% 7435l om, SID 180cmo]|

(e}
g
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Al Bt 27,.0%, 26.4%, 19,6%%] 4F3T), o= mAs7}
SR FS 0)2)7] tho] ABC o} vkl B
S uE 49 WHSke] Wl uet T2REE Hew
A A el ATS BT, ol oo
AEC R} v wd o ujimd EEoA 10 kVp rule &-§
Al mAsts € ZAFTTL SO, & AT mAs
7k 50 H47} Shele 2] dfalo] TAREOR A
Ajwo] uheo] ARC BES} v mEo) N AR Zlol
e Ao A,

FHEAS DR AL oA ol Y-S olgste] 2}
Hed 2oR Ao YAE S Image J= 247 4
7}, PSNRS AEC REo|A] 10 kVp rule 80| wla} SID
110 emOJ|A] 0,38 dB, 0,38 dB, 0,07 dB, 0,21 dBS] HA}Z
30 dB o]3}= YERF O™, SID 200 cmof|A] 0,29 dB, 0,42
dB, 0.19 dB, 0,39 dBS] HA}Z 30 dB ©|s}=2 LEFGTY,
i HEoA= 10 kVp rule &-gof wa} SID 110 cmo]|
4] 0.77 dB, 0,61 dB, 0.55 dB, 0,37 dB2] Hx}= 30 dB
ol3t2 kel om. SID 200 cmojA] 1.05 dB, 0.70 dB,
0.42 dB, 0,30 dBQ| HA}Z 30 dB o|3}= ettt A3
¢5toll w=H PSNRO| 30 dB o4 75 Al wo =
= G4 F2 Aol FESh] okl skt E
2t 10 kVp ruled] oJsf ¥ o] S7ietol weh G449 &
o] AstEle AR AEC RES} mjrd mE HizojA
WREAAT ROt SAL Aol AR erech 3
Hom, el dEE A835 G442 PSNRS HE0] e 3l
T2 ¥ Tl whet 30 dB o]skz K& ZARE ghol Uk
tH12], DR A|AERE 7] IE AlL"HT QEs 9 &
A I eAp wEAAF Ao et g 22 asth g
Apo] mE Z71E 7HAH @2t JhtH15], whEkA] DR AJAE O
Al 2AF 135S gask] 913 FoF lake) AAe 285t

L PARe) welo] Wad Aoz oA

>

V.2 E
2 A= DR A& ARC HE 9 vy REof uE
T EE 9] 78742 RIS DR AlARoA] 2] EE
82 10 kVp rule A& A] ZF HE HE mAsE Y
T 1o] DR A|&ELE o83t WA HARolA faidS
23 4 ek, el DR G4l Ao 7 mEdE 3
e Y] A§ Al Y FH-o] HohlE Ejlstil o,
A Aol Ao} FatelA e E FA9 F7lole &
] Aol vhepA ek

1o

DR A|2EjoflA] 2} w22 4817] 915te] m|FAd ol
FFo| H= 7t dAe] AAe F8she AARS o]
oo, o) mERigs Solal Y I 27l
ffoto] #Het el Ey Ago] o o= AlmEnt
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