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A 2 5 A7 atEH, S (flux density)
h wonl s 2ol o2l Ao UelA Uef,
£7] HFg-=(response function)”7} ofJUX]o] o]&35}aL, EH
30 2127100 Uik WS o S5 AeiA A ok
Q. el mae cloRt Wil 3S
gov), A8 mPol} WARH w3
of Hls AxtAIZEO] S7Fshs ZAIE 7HAAL AAIRE R
o =27 Hau AoagagS A8st] wzel gkt
A~

AEge Ak 4 ol

B3 filter'= 7] Ei= ofe] 9] thE 34 F08 of
SolLOm], AULER|E)T Cu(Fe)E o183 B3 filter
2 olgT A%, FY XM BHOENE YN} L
T4 Fll, T ol WA ol Cuwrt T
SIRL, ALS CuolA] WAISE EAMAIAS B4 BHow
AP doltt, Cug] EAMAR oA B

=ge 4 31%% ?‘z oNAA|(8keV) 1 7HEtell, wFAdE
ooz AlS Alelsle], o] EAJHIAIAS
FsfloF Bttt AlojA % EAJdARA0] WAERA L o] o
|i= ZFobA (L5 keV) Shxbof =Eslr] Aol £7] Wl
F5 "

Rymond et al. < &= 1,02 & 8} | Urehi=dl] a0
I 2hxpe] m)Eo] Qlo] H= FAdEde] Cud Al non—filter
2 vehgtha o, ®3F 125 kvsq tube voltage®} 0.3
mm Cu filterE AFSRE WY Ao FAS 2t Wgo

o
N

Table 1 Principal characteristics of Digital Radiography

A, Z12e] THAKI 27 At filterS SR A9
small HEOJA] 44, mid 46, large 47% A2 AfolE UEL
Wl Lee et al & W2 AEHIEEE o /\] Cu2lt Al filter?]

167H4] E£529] %318 Eslo] A mHASS =4 Ayp 72
A0 CuolA E3 filterS ARESH 751—?—7} = AMgko] 24|
=2 5}04;}10) E3) SukEkRbx] o] Byl e o wE Mgk
S} Aol Tl HE|RT} BalfilerS ALg A] A
37} GIEFL FAEP, 4% GBI Cu filierolA] 58
filterQ] ¥8to] Cue] EA XA AAS &3l A 7H40)
275 =30, ol ZHIFRER AlaEolAde] eljt ofu]
2| ATEY ZAste] Balsli, 318 BILE Eslo] B
filter AR A] Al filter?] AR 1, Fof W2 8448 £45)
of 2xlofA| felet HEA HE Foto] e QhE =
sfaapicy

0. G97THE L g

H Lo A& AH]= Philips digital diagnost value
amorphous silicon flat panel detector Pixium 4600%
o]-gsto] ofe] F7}t P52 SHTUTE TrixelAF] Pixium
46003} DRO| 574> tht Zth(Table 1).

Classification Unit Value
Pixel pitch p#m 143
Total array Pixels 3,121x3,121
(mm) (446x446)
Image readout time Ms 1,270
X-ray generator voltage range kvp 40~150
X-ray system dose mR 0.15~3
X-ray maximum linear dose mR 3.5
MTF at 1 lp/mm % 52
DQE at 1 lp/mm % 35
Focal  Spots mm 0.6/1.2
Anode angle degree 13
Normal Voltage kv 150
Permanent filter(mmaAl) mm 2.5
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1. 832 M=

1) Program

32 H71E ¢)3] DICOM image processing software
(Image J v.1,43u; National Institutes of Health Bethesda,
MD, USA), =4 AR 9I5k0] SPSS(Statistical Package
for Social Science v.18), o|HX| AHEH =48 93]0]
SRS-78, GATE(Geant4 Application for Tomography
Emission v,6,2) Simulationg ARE-S}CY

2) Anthropomorphic Phantom

QAR IHE-2 QAFLE XA
175cm, 74kg ©|th(Figure 1, 2, 3).

3) Added Filter

HIHEEE 99, 9%+ A7)= 72, A2 242} 10 em
ol == Cux 0.1, 0.2, 0.3 mm, Al:= 1 mmo|th
(Figure 4, 5).

Figure 4 Cu filter

Figure 3 RS-113(Pelvis)

Figure 5 Al filter

4) Dosimeter

A A= UnforsAte] Xi HES o]-8-51th(Figure 6).

Figure 6 Unfors Xi
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2. 17
D A AHEY 23

7] QJ5}| Genat4(geometry
and tracking) ToolkitS 7|HFO 2 St GATEE ©]-83}9ith
GATEE 0]-83} energy spectrumS 7] YAl X—ray source
9} detector®]] T3t geometry code ZHJ3lloF 31t} Detector=
AA|e} o] 2Rsh 71 2238t AL scintillatord] FA7}
Zasit} B ool 600 umE s} GATE Uejlil=
X—ray source_—] spectrum®]] gt JH7} gloHm = SRS-78
olghs LRS- o}l spectrum HHS 253}0] X—ray
source code= -_IL?EOPMD}, o x]&= 50, 70, 90, 120 kVZE
HEEAL Cu 0.1, 0.2, 0.3 mm, Cu 0.1, 0.2, 0.3 mmd]
= Sheich

Simulation energy spectrum=

Z¥7F Al 1 mmE 3

28 AFe

2) ouix suEgel W vla

ZF oA 22 F79] Cudll Al filter ARE- A, &
spectrum®| Hat B|uE AAJSte] SAA {-o4dS A E
Skef, WA AT R test A RES AT o
obq HmAH BANNE ST Al filter S A, T2
T]-3- Wilcoxon sign ranks testS AA|3IA I ZAZH(7),

p—values sH3ith,

3) AUx] AZEH] AoA] H]E £

Zb o4 Ao Al filter AME- #, Fo] A#EY Tajzrt
7hes RS o|R7] Sl8l Al A AeuA] BE
PGS F YRR o] MES R FRASle] AHes] 6}
et

4) R AMEYY F4 ouA HlE B4
e oUi o] Al filter A A, F-9 BRI Kol
AR A, FO] BACF A HFOR o] WELR ST

sfo] Aegst shaict.

5) oA 2HEYS] TouA) Bl

o] Mol SIS Sobii] $Jto] 71 EAF
of 9= gre ol 3tk Al filter Abg A, 0] Bago]
ChE, T S g TR Aol T HE el Kol
Hol 2 4= Qlo1A] ZF LA Al filier ARG, F he
£25} Slo] 2 2AOE WISl g Fsjel. ojw
4% 27o] ¥ 11 oA g NS Awngtet

6) SNR, PSNR, RMSE, MAE

Chest WL olg3to] We] A2 2 712 YAL BJst
T 2zke) WS A G PGS BB %og %7
AEC

AEC(Auto Exposure Control, ©|3}
oA A} X—ray FHol A= 125 kVol 4 mAsE 113
31 SIDE 180 cm, 12:1ARE ARESIQITH oA Ao
oé*o & ITmage J& ©]-85to] H|aL ZA53Ict PSNR
2 =2 T gAtof g3l zfo|S AYgFH o R y|a oF &
©% g0 el oo, olts Tt Pl A1 AL
et AL,

_u (R (] rlO
> rlm ml

N

B MAX}
PSNR(B) =10 « logyy(— =) 1)

MAX, )

=20+ logw (" 7o

1 m—1n—1

MSE= —— 3 rG.g) -

i=01i=0

I(Lj) 44'*]'0 .])-‘] H] ] o]'
K(i,j) : #323G, ) LAt A5k

7) CNR, SNR &%

CNRi= Pelvis WHS o]gato] ) 2712 AECE AME-
3o} Qo2 YAk X-ray F#AUA= 77 kvol 12,5 mAsS
43} SIDE= 110 em, 10112715 ARE3I3ICh Right iliac
o]-g-5}o]
0.3 X 0.3 cm”@] ROIZ A43}t}. RO pixel AT 7=
O] #FHAS 343 -, ROIE A|€J3 Background &] 415
A= Bt REHAE Eoke] 430 ofste] Allgith

wing, femur head, sacrum< Image J L& 7135

CNR = | (B SlAvg — R SlAvg)/v/B SD*+RSD* | (3)

B: Background
R; ROI

%3 Skull e o]-§sto] 272 AECE ARgsto] &
o0& 77 ko] 12,5 mAsE 11A3}al SID+= 110 cm, 10:14
A= ARE3HTE Frontal bone, Right orbit, mandible2:
9lo) 2717 EU GAHE ASaeT SNRE ONR 274
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SEloli 2Rl o] G8Y ¥4

U3 Image J = E\E% ]“9‘3]'04 ROIS| 4le7 e
IE A| 2|3t Background
el A48 A o1 A

SNR = (B SI4vg — R SIAvg) / R SD (4)

B: Background
R; ROI

Figure 7 Measurement points of CNR, SNR

8) W4 7}

Chest phantom©] 120 kVoJ|A AEC mode ARE-3}o] EI

Table 2 Evaluation criteria of the clinical images

200352 44 F 2A1e] 92 4 mAsgEE o] §315iek. 10
o PSS BB X4 B i

= 01516}@‘"%. 3 } LE:: J:‘7}4°ﬂ*1 Bk A, e
9 2= Hrt B8-S o850t WFES £ VK] &
EHO &8 LS THTable 2).

. £ it

CHUX AHER

D oYz A¥EY &4

GATE simulation2 ©]-83}0] Z} filter2] oA 3=}
2o z)azro g 25kt 24 T ool 7he oy
2d e ZAEHIT) QA} BTl 50, 70, 90, 120 kV
B 2o oA AHEY0] 22 keV PO R O)F
E7F GolA oL o Baghe WA HA e} ¢
Uch(Figure, 8). AUAE 1A ORE &1L filter
S 7IE, Y AR W keve] ATlEY B
A 2 keVE AZHARE AAA O] FA}o] 4=
o] = (Figure 9).

5| —[rl o ot
e X e _9.
Y ﬂllm ™
2 rEa %

1
i

1 Pulmonary vescular of lung field
2 Pulmonary vescular and decending aorta  behind heart
3 Vessels below the diaphragm
4 Rib costal
5 Diaphragm
6 T-spine intervertebral space
7 Trachea and bronchus
Cu 0.1Imm 120kVp
60000
120000
:"\\ 50000
100000 I
30000 / 40000
‘g ‘g 30000
3 60000 ----50kVp S —Cu0.1
§ g é 20000 Cu0.2
40000 90kV| =
£ . & —Cu0.3
—120kvp
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-20000

keV
Figure 8 Energy spectrum of CuO,1mm without Al

10000

160

-10000

KeVv

Figure 9 Energy spectrum of Cu filter without Al
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2) ouix 2HERY B Hlw

swEY BHo] PHEL Bacdo] 27 Leo)
Zo| —rﬂﬂﬂm 2 £o=R %ﬁﬁ‘:}. e FAA
Al filter A A, & HiF keVe] ©

Tl A= 50 kV°ﬂ/\1 460114 47 keV= oF7He] WBL7} Q)

9lo} 120 kKVOAL 51, 69 keVE EAT} 0.3 mm o
A= 70 kVE A|Q5kas Fat keV7l M3k} Qi) 120
kVolA= F709] 3419 AR it & WA S
L 69 keVE ST LH O FAZE F7HEH oy
A eEHor FAZ e 90 kvollA o filter
Al 49~56 keVo|il, 3} filter ARE A= 49~56 keVE
Zpo] 7k g1t (Table 3).

Wilcoxon sign ranks testS AA|SFIL A

JHEFSIeh Al filter ARE A, 3 A A ¢l

T 4] p0.05 oju® FAHCR {3t 2ol 7F QI
(Table 4).

(2),
YA}

oyt

p—values

0S|

3) AR ~FEZ A ofz] Bl

50 kVe] 0.1 mmol|A 0.39%, 120 kVe] 0.3 mmojA]
3.3%0]9.00 Al filterS ARE3F 23} filtero] A= 50 kV
2] 0.1 mmoJ|A] 0.3%, 120 kV2] 0.3 mmof|A] 3.4%0]| A},

k2 zlolE Holx] oForon 90 kVe] 0.1 mmo]

T

=]
ity |

A 0.2 %Apol7F 71 ZItK(Table 5).

A wla 24

4) o|A 29 EHS F4
,§1

22l ouix] Hol 41 oA ulaLk
fiter S SRR AT A9} SaiS F 24
3k o] Tleldo] & Bxise] HAolA Aol thro]
peak ] Btolq rht A|sH=7} sh %S FaHec
Ao Brgte] 27)7] S48, B B B
o1 A AR A 1A otlek 22 1 oA
A2} sjejehe BAo] Ad4E 2o Foe] Ao ot
Aol AobArt, 7P 2 A 50 kvel 0.1 mmoA
16.9%, 71 ZFe 2}= 120 kv 8.6% o] tHTable 6).

g

il

Cu

59

5) ol AHERS] 1 ol HmA

TofuA e mE FHomH duht R T
of[Yz|7} A= =7t ok AN, Aol 2, T2
WA =2 FAVE FAZSE, g% = 27
yepsith 7 dle gho] 2 AL 120 kveollA] o filter
Cu0.1 mm, 7} & AL 50 kVojlA &3t filter Cu0.3
AT}, HE oA T filter7} B3 filterof] Bls| 2

o 2o o £ oF 4= 919IcHTable 7).

Ft =of

mmo]

0] o
PON==]

Table 3 Change in mean keV through tube voltage (St keV)
50kV 70KV 90kV 120KV
Cu0.1 mm 46 48 49 51 69
Cu0,1 +All mm 47 49 50 51 69
Cu0.2 mm 49 51 53 53 69
Cu0.2 +All mm 50 51 53 53 69
Cu0.3 mm 51 55 56 55 69
Cu0.3 +All mm 51 53 56 57 69
Table 4 Statistics of photons count
. Cu0 1- Cu0 1- Cu0 1-
kv Statstics CU0.1+Al1 CU0,1+AI1 CU0,1+Al1
5 Z -6.393 -0.316 6,213
Pwvalue 0,000 0.000 0.000
o Z -7.509 -7.407 -7.364
Pwvalue 0,000 0.000 0.000
Z -8,442 -8.387 -8,162
% Pvalue 0.000 0.000 0.000
120 Z 9.356 9.254 9.434
Pvalue 0,000 0.000 0.000
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Table 5 Low energy photons ratio of total amount (thousand)

kv ltem Cu0.1 erl£11 Cu02 (1212 Cu0.3 (iuAlof
Total 1,969 1593 1,048 884 611 527
50 counts(A)
0-29keV counts(B) 7.85 4,87 2,40 1.88 1.28 1.00
B/A % 0.39 0.3 0.22 0.21 0.2 0.19
Toul 1991 1,685 1242 1,087 842 753
70 counts(A)
0-29keV counts(B) 20.44 17.27 14.12 12.96 11.09 10.24
B/A % 1 1 1.1 1.1 1.3 1.3
Total 1,998 1,627 1277 1,140 933 849
90 counts(A)
0-39keV counts(B) 55.48 42,07 28.80 25,27 22,17 20.24
B/A % 2.7 25 2.2 2.2 2.3 2.3
Total _ -
0 counts(A) 1,999 1,650 1,277 1,156 980 900
0-39keV counts(B) 68.45 54.69 41.10 36.96 32.88 30.66
B/A % 3.4 3.3 3.2 3.1 3.3 3.4
Table 6 Peak energy ratio of spectrum
kV [tem 0.1mm 0.2mm 0.3mm
50 Average(A) 77,671 46,973 29,025
Gap(B) 13,113 7,148 4,026
B/Ax100 (%) 16.9 15.2 13.9
70 Average(A) 49,532 33,706 23,673
Gap(B) 6,789 4143 2,573
B/Ax100 (%) 13.7 12,3 10.9
90 Average(A) 38,740 28,471 21,402
Gap(B) 4,540 2,925 1,966
B/Ax100 (%) 11.7 10.2 9.2
120 Average(A) 34,487 26,392 20,552
Gap(B) 3,563 2,480 1,763
B/Ax100 (%) 10.3 9.4 8.6
Table 7 Skewness of high energy spectrum
filter 50 70 0 120
Cu0,1 mm 0.562 0.758 0.719 2,166
Cu0,1+Al1 mm 0.535 0.716 0.663 2,157
Cu0.2 mm 0,454 0.591 0,498 2,069
Cu0,2+All1 mm 0.441 0.555 0.452 2,069
Cu0.3 mm 0.366 0,434 0.323 2,004
Cu0.3+All mm 0.348 0.399 0.295 1,988
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2. Image quality
1) SNR, PSNR, RMSE, MAE

e o] FA7F Z71Eel whek SNR, PSNRE ZhAaE|o,
RMSE, MAE: Z7}Eth, 23} filter AoAE 2 oF
Ao 2 Yel o filtero] H]3l SNR, PSNR-2 7}4-3}
i RMSE, MAE: Z7}%tK(Table 8).

2) CNR, SNR

Skull HHS 0|83t A4 e L] TVt F7
9] A W] 374 5% SNR, CNRS ol of
FEo| dEox] g moA @Y filter 70
CNR, SNRo] ¢ =9Itk Table 9).

Pelvis HEH-S o83 A9 ]/‘1 ZE
CNR, SNRE BE HBo|A] 7H4519 1
T RE FHEoA sl 53,
SNRZFe] & #bolE& HEitH(Table 10).

520] T
B3) filter Ao

Sacrum F-¢f CNR,

]

4 %
s e, SIAE 2 o %7} BT )8

FARAAL 5 0] 7131 Aut - =7
o] T oA Azt ghe] zpolzt AA yeptA] okttt
Pair t—test 21} & A3} Zho|| p0.052 YER} F= Zke

it A= FAsoR ouzt 99t Pk g
Table 8 SNR, PSNR, RMSE and MAE of filters
Filter SNR(dB) PSNR(dB) RMSE MAE
Cu0,1mm 31.11 45,547 43,547 39.949
Cu0.1 +Allmm 27.685 42,547 43.287 39.949
Cu0.2mm 25,387 39.824 83.659 81.395
Cu0.2 +Allmm 23,407 37.843 105.085 102.925
Cu0.3mm 22,142 36.579 121.556 119.421
Cu0,3 +Allmm 20.817 35.254 141,588 139.512
Table 9 CNR and SNR of Skull by filters
Frontal bone Mandible Orbit
Filter CNR SNR CNR SNR CNR SNR
Cu0.1 mm 13.81 21.29 7.18 11.30 10.20 16.20
Cu0.1+Al1 mm 13.38 21,02 7.15 11.29 9.91 15.80
Cu0.2 13.53 20.88 6.79 10.92 9.79 15.73
Cu0.2+Al1 mm 13.19 20,54 6.69 10.84 9.50 15.40
Cu0.3 13.04 19.56 6.42 10.21 9.53 14,72
Cu0,3+Al1 mm 12,73 19.17 6.32 10,08 9.28 14.38
Table 10 CNR and SNR of Pelvis by filters
liac wing Fermur head Sacrum
Filter CNR SNR CNR SNR CNR SNR
Cu0.1 mm 0.53 10.46 13.04 21.40 14.88 24.24
Cu0. 1+Allmm 0.54 10.46 13.72 21.45 9.91 15.80
Cu0.2 mm 6.26 10,24 13.28 20,70 14,82 23.35
Cu0,2+All mm 6.28 10.16 13.06 20.47 9.50 15.40
Cu0.3 mm 6.15 9.84 12.36 19.56 13.32 21,97
Cu0.3+All mm 6.14 9.70 12,46 19.29 9.28 14,38
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Table 11 Evaluation of the clinical images

[tem Cu0.1mm Cu0 1+AITmm Cu0.2mm Cu0 24+AITmm Cu0.3mm Cu0.3+AlTmm
1 4.2 4.1 4.1 4.0 4.0 3.9
2 4.2 4.1 4.0 4.1 4.0 4.0
3 4.0 4.0 4.0 3.9 40 38
4 4.1 4.0 4.1 3.9 4.0 4.0
5 5.0 5.0 5.0 50. 5.0 5.0
6 4.1 4,0 4.0 3.9 4.0 3.9
7 3.8 3.8 3.8 3.7 3.6 3.5

nuo QAy} 5 WES 71SadT AAL e 2
A Fol7k U] eroreh. woke] AR Q] Hiol 4w
o) Tk BRI} Al Fo] WEuT} sl B e
oA Cu filterHE0 2 AFERE A90] OF7F 94 i},

B3} filter A 7173} 7)9A] SiEe] plolA] tha 7}
Bk HolAlie ARS8 4 ok, w3 FiolH 1Y

& Huof sjgels §5 Hiold W EF 447t A

AHoz FolHrHTable 11).

V.1 &

XATOA HEE XA ofUiAt €14 spectrum©
AQollulA), U] Geio] EAIFe] STk, Aoz
I} filter ARSI AU FolL ol 4OIEE A
iAo g XA ARoUAE &= tl= aapgo|t}, 1
2L} 7|2 Conventional radiography system+= k2 H7}
e S ARSSHAY, TS 7SR A ] gl
o, AEkg 53] 7aA71A] ke A Ak, o=
X7 7Asto] ot G| vt Aark= Aol vE
7] wjEo|t) 18} Flat panel detector system®] 7f|
i S Foto], 719 Aule] Hste] §e e
(latitude)@} =2 X =(contrast resolution)?] EAJ0]
AsEEz, A Ast glo] e A=ks A4
T A =30 HAE AN A ofd = WA I g
g W2 =E3APE A=t =249 Woke A2 bit
depth7} Gth= Zlolar, 53} vlaste] Hakzdo| isf
kVAlElo] Yrh= Z1e onjgict, AA|= DR oA 4
U= EOlAL filter 5 F7F6HH A7} sold—rS £
Adeo] sk Ala) At Qe

o] AHERE A Ao|A| FHoli= T,
B3} filter?] H]ES AW EH @2 0.39~3.4, 532>
0.3~3.4 % oItk Teuf FAEE 50 kV 0.1 mmoflAl=,

el 7,850, EFR 4 870011, 120 kVoAl= 32,880,
30,660 O& A H o0& Hilo] QFF O R A oLt A F
AF BlEol A= 2 AelE HEA] ZFlT

FA U A] GolM= 16.9~8.6 %= T filterS AR
gt A97F mgo] o 9Tt oyA] g o == &
of Yx8t, 2% HrE U= Hes Au iy o
filterol A= 0,323~2.166, 23} filterof A= 0.295~2.157
2 o 20| f &2 o|A] Yol YA LA =Sl
o} olg% o] YL o] AmESLS wff Y}
filter S22 0] T wetx] ABH o R ALgo] 7hsd Ao
2 AbmEr

SNR-> DROA 583k QIAfolal, FAFe] 3HL =
SNRoJ vl&|ate] SFAFETt =S XA1S] A Agke] thekst
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*Abstract

Analysis of Effectiveness of Spectrum of Energy and Image Quality
Evaluation by Aluminium Filter in the added Compound Filtration

Sang-Hyun Kim-Jae-Ho Choi"

Dept. of Dignostic Radiology, Seoul National University hospital
YDept. of Radiological Technology, Ansan College

This study analysed the effectiveness of aluminium(Al) filter in the added compound filtration for the re-
moval of characteristic radiation by energy spectrum and image evaluation, 0.1, 0.2, 0.3 mm copper with
and without 1 mm Al were evaluated. The energy spectrum was measured using the GATE and evaluated
separately by each energy. Image quality was evaluated by PSNR, MAE, MSE, CNR, SNR and qualitative
analysis was performed by seven items for resolution and contrast from chest x-ray criteria of National
Cancer Screening and Cardiovascular evaluation table, In the analysis of the quality of the energy per
photon spectrum with the exception of a low energy region, without Al were superior in all area, PSNR
MAE, MSE, CNR, SNR and qualitative analysis were the same or slightly better, PSNR was over 30 dB and
all significant and the p)0.05 in the T-test of qualitative analysis. The energy spectrum and image quality
have little difference between before and after use of Al filter, Therefore, it is effective to use the Al filter
for the radiation dose management with the compensation capability of DR system.

Key Words : Aluminium filter, Energy spectrum, Tmage evaluation, Characteristic radiation, Skin dose
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