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Sang-Hyun Kim
Dept. of Radiology, Seoul National University Hospital
Dept. of Radiological Science, Eulji University

2 o £ ATh AoluA WAIS A S8l AgEE o olmbmel tAE WA el F8ae B
Hotd A%, ARk §8E AFE AASKITE AB7IZEE 20154 4UE 687 ofgich BT WAF
wofel w2 el olubw Abg A, 0.1, 02, 03 mm o] %S H7hsrh sHA%7H: PSNR, MAE, MSE, CNR,
SNR 4E BrhEE SQkEA B BULES S, tiEE Wb TRAS olgslilth BAARS 1688 % HE
ofabg Abg Aol B3| 27X otz BAgte] Robdel ulet A} Hobde o 4 gl PSNRE 30 dBo]
Aoz wE ou] gl £, CNR, SNR ofzigh ulAbg 4] 4ot H4H FolAlt gulet 44
Fogo] THTE 0.1 mm ol AL HBT P A SHA/L %, 03 mmE BEsE w7 @S
2918 Aostn BANOE folst etk P ofume $o AU UABHY Fule FH BA 5 of
gatol o 2o Mwow BhUS Wy A1Q 4 ek

FHO] - 8= el oAb, GAE WAk ), AR, S

Abstract This convergence study analyzed the effectiveness of digital radiography system of copper(Cu) filter
in the added filtration for the removal of lower energy radiation through dose and image evaluation. We were
analyzed from April to June 2015 result of the examination. Cu filter was applied to each non, 0.1, 0.2, 0.3
mm according to change of kV and mAs and doses were evaluated. 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 checkup. The absorbed doses with Cu were lowered by 16-88 %
than non-filter but the gaps decreased as kV increased. PSNR were over 30 dB and all significant and CNR
and SNR were superior with non-filter but in the qualitative analysis, there were different statistical significant
according to each item. The score of 0.1 mm filter was high at pulmonary blood vessel observation and in the
0.3 mm Cu, there were no statistical signigicant except high density and full of air portion. Cu filter can
improve image quality with lower radiation dose using better radiation quality and correction power at digital
radiography system.
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435} th<Table 1>.

(Table 1) Principal characteristics of Digital
Radiography

Classification Unit Value
Pixel pitch um 143
Total array Pixels 3,121}(3,1‘21
(mm) (446x446)
Image readout time Ms 1,270

X-ray generator

kVp 40~150
voltage range
X-ray system dose mR 0.15~3
).(*ray maximum R 35
linear dose
MTF at 1 Ip/mm % 52
DQE at 1 Ip/mm % 35
A/D cgnversion bits 1
dynamic range
Focal Spots mm 06/12
Anode angle degree 13
Normal Voltage kV 150
Permanent filter(mmAl) mm 2.5

21 A7 M=

2.1.1 Anthropomorphic Phantom

A RE AL A28 X W (The Phantom
Lahoratory, Salem, NY, USA)C.Z YA o2 175cm,
Tdkg ©]tHFig. 1, 2, 3]
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[Fig. 2] RS—111(Thorax)

[Fig. 31 RS—113(Pelvis)

2.1.2 Added Filter

F7HEE = 909%EE 7= 7R, A2 42 10
cme]™ F7+= 01, 02, 0.3 mmCu(IBA Dosimetry,
Schawarzenbruck, Germany) ©]tHFig. 4].

[Fig. 4] Cu filter

2.1.3 Dosimeter
A &A= Unfors Xi(Unfors Instruments AB, Billdal,

Sweden) E2-& o] -85} tHFig. 5].

=@ |
=g ]

[Fig. 5] Unfors Xi

2,2 ¢t HiY
AT7)17He 20154 44769 7HA] AT

221 M| M2

filter AFEH T & FA} 20 AES Golro}
Al EHkE AMES FAF FAES GobR it Non,
0.1, 0.2, 0.3 mmCu filter AF&-ol W2 AZA Q] FHAF
S Zsksich #AYL 50, 70, 90, 120 kV, #HFE 5,
10, 20 mAs, S-value 200, 150 cm SID(source-to-image
receptor distance), 10 x 10 cm collimation sizeZ 345}
of, Z}7to] RIHHElE AAISIGITE ofuf SRR o
ok A JEE Haskehr] AEA detectoret A
o] AZE S0cm A4S FUE & FAERE 103] vk
SAste] Fs Alste] AFEE =9k

AE A= SPSS(Statistical Package for  Social
Science vs.18)E ©]4-3}4] Komogorov-Smimov 4§
AL ot A EEE e AL U T V|sFA
F Hs TSI, 194974792 One-way ANOVA
ARHE o] g3tk BE A9 frolrae 5%= o
Stk L3t filter ARgoll w2 A 2
3hod filter AHE AS 100 %2 sho] Z42ke] FAE W&
&2 ot Bl

u!
0

O

=

p

2.2.2 SNR, PSNR, RMSE, MAE
filterS AFE A, 3] PSNRFLS Wl gtogn 2

rlo
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Reference Image

Testimage iy maoe] [cv00cn <

[] Restrict to the central portion of images
(N7) Test Image \ SNR [dB] \ PSNR[ﬂB | Ruse MAE | valid Points
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[ ) Reference Image

[Fig. 6] Measurement of SNR, PSNR, RMSE, MAE
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125 mAsE 11743}at SID= 110 om, 10:1 425 AHE-3)
St} Right iliac wing, femur head, sacrum= Image J
T2 o]g3le] 0.3 X 0.3 cm29 ROI(region of
image)S AA3ATE ROIS] pixel A& =2 E%
=243 3 ROIZ A#|9%F Background?] A&7
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(Table 2) Evaluation criteria of the clinical images

Item

Pulmonary vescular of lung field

Pulmonary vescular and decending aorta  behind heart
Vessels below the diaphragm

Rib costal

Diaphragm

T-spine intervertebral space

Trachea and bronchus

N O Ol e W
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ol7} vebstth FA7F FAYASFE filter AHE Aol H] (Table 4) Percentage of Absorbed dose

- . (unit: %)
af) 7reko] wo] H Atk filterE AFE A 50 kV, 5 mAs unt
9w 2359, 120 kV, 20 mAs & w} 760 uGy °l itk 0.1 W mAs Thickness (mmCu)
Non 0.1 0.2 03
l'HII'loﬂ }\'1'5‘ 1437 ~ 6352, 02 mmoﬂ /H'E‘ 687 ~ 4764, 5 100 61 29 16
0.3 mmol| A= 3712 ~ 3842 o]tk 22 kV, mAsol A 50 10 100 67 32 16
i} 20 100 48 23 12
_‘f_ﬂ]gﬁ_oﬂ e ﬁao}:gl %‘74] %1%'\% D<0-01E ‘%9] /Ké 5 100 43 % 18
< UERATH< Table 3> 70 10 100 65 1 28
20 100 63 39 27
5 100 78 54 40
(Table 3) Absorbed dose of dosimeter ) 10 100 77 54 40
(unit: pGy) 20 100 76 52 39
5 100 33 62 49
KV mAs Non 01 02 03 120 10 100 83 62 50
mmCu mmCu  mmCu p-value 20 100 8 63 51
Dose
(SD)
2359 1437 687 3712 .
Ll 08 03 02 3.2 Image quality
o 10 B9 ;w3Lw09 707 3.2.1 SNR, PSNR, RMSE, MAE
+149  +111  #035 021
1225 5897 2797 1517 filterE’J —1,3—771] 7]’ %7}'% Oﬂ [q’al' SNR, PSNR’% Zz}iE]
D cu am wom s 7, RMSE, MAE= $7hdth & 7oA PSNRgkol
6497 4257 2623 1787
S im w09 102 0I5 30 dB ¢]’do2 YEPHTI<Table 5>.
o 10 W7 ®%H s 001
201 #1514l 011 :
0 269 169.4 106 7254 (Table 5) SNR, PSNR, RMSE and MAE of filters
+2.35 +1.87 +1.44 +1.54 Thicn
5 192 &5 9T 4367 ( © Ces)s SNR(B) PSNR(dB)  RMSE MAE
% 260 #2001 45 =13 o S o T 5910
2204 1703 1185 8858 : L A7 oA 49
o s 0.2 25.387 30.824 83659 81.39
o ML 307 229 15 03 22142 36579 12155% 119421
551 4551 442 +308
. 105 188 1186 36l
12 311 #234 #2314 166 3.2.2 CNR, SNR
10 S?OZ 31181? 2?397-‘; 121;5‘ Skull &S o] &3k A A HE 49 FAH7} F
0. +1. +3. 12
o 0 B2 4764 32 Al Ad FEI S 37dA BT SNR, CNR2 wolxl
SR nd =8 o B AR e Bl A sl e 4

72 kV, mAsoll A filter 77 @ 3lof] wp& A7 7HoF
= AR, 01 mmel A= 16 ~ 57 %, 02 mmel M= (Taple 6) CNR and SNR of skull
37 ~ T7 %, 0.3 mm A= 49 ~ & % ]tk F77k

Thickness < <
SFST5 7heko] AA veRgal 22 274 01, 0.3 (C;g (SSNS‘) pvalue
mmE Hlaste] W 33 ~ 219% 744 LFERIT Table 4>, (mmCu)
139 22.29
on +02 +0.25
o 1381 21.29
Frontal ’ +0.67 +0.21 0015
bone 0 1353 2088 o
: 0.1 068
1304 1956
03 021 024
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CIX|E SARMEIRIOIA 2] E71EES] 84 Hito &t 82§ o7
733 11.9 (Table 8) Evaluation of the clinical images
+0,05 +0.55

718 11.3 Thickness(mmCu)
+0.11 +0.55 0007 Item Non 0.1 0.2 0.3
679 1092 - ) 405 429 41 41
+0,50 +021 +0.05 +0.11 +0.21 +0.11
6.42 1021 ) 411 425 398 39
03 +0,32 +0,33 +0.48 +0.15 +0.22 +0.1
1052 1643 5 402 415 40 40
on +031 £0.25 012 +0.23 +0,01 +0.1
102 162 411 413 41 40
01 +0.01 +0.18 1 0,19 +0.17 +0.1 +0,19
P = 0.007 5 - 5 .
02 979 1573 5 : ;
+0.21 +0.17 +0 0 +0 0
953 14.72 41 4.1 4 381
03 +0.14 +0.25 6 +0.18 +0.1 +0.1 +0,19
7 3.89 379 376 368
. B} _ +0.11 +021 +0.14 +0.22
Pelvis &S o]4-3t A&ol| A DE] E-o] FAYA
H CNR, SNR2 EE oA 43t 2Atsgke] &
Az BAAE A 47 Jot g5 FA9 79
Al Aelol A= p<0.06E 24l AT Table 7>, ° o = e
Aol 24 yeltt) 0.1 mmCus} filter AF&4 2] B
M= dat ek I 1 2 30dlM S8 H =
(Table 7) CNR and SNR of pelvis ° °
A Von EAA p<0.06=Z YERSLTE 0.3 mmee]
TSR SR pke  wmolAE AAH02 23R ok n, Fel disk
non 669 105 A 7|93t 7MZ1 2| A p<0.62 FAH 9
+0,01 +0.25 = -
ol 653 1046 FojAdo] 9t 02mmE BE X7 EAXCE
: + +(). o] = oFolk
liliac wing 60,‘221 lgjj 0.008 ef 3l EArh<Table 9
02 - :
+0.13 +0.04
615 084 (Table 9) Statistics of the clinical images
03 +0,05 +0.11 p—
non f)zg 302'21 y Ttem Non-0.1 Non-0.2 Non-0.3
1364 oy 1 0.033 0157 0157
01 10'21 0 2 0.034 065 0.181
Femur head 13‘28 720' 7 0.009 3 0.042 0.343 0.141
02 031 041 4 0.21& 0.141 0A1140
12.36 1956 J
0.3 409 031 6 0593 0.144 0.043
) 2161 7 043 0041 0042
non £025 017
ol 1488 24.24
. : +0.15 +0.16
Sacrum o 1450 9335 0.039 4 __’I_’_él_
: +0.17 +0.05
1332 21.97 B B}
03 025 021 Ajejgtol Al oA “”Pﬂ o Qlzke] AW Aoy}
A5 g AT g0, AP I RE MAE BEs)
I 9)8kS WA 7= o TB—J' AeS st glom A
= g o] BE 5 At Al o Hof gt}
[8l. #&te] WA Bl tAE JFE5 Fx2e W
k= WAMA 9 E34 S 343 MekA7]a A9l o]
g3t O g o8 3L AExe] AZAS Suist Al

3.2.3 MM™ ™y}
B7bek A} 53 el A 013 - 0.219] 2ol

th<Table 8>
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