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Abstract

Comparing with film—screen system, flat—panel detector has extensive dynamic range. Focusing flat—panel
detector, whole body human phantom PBU—-50 (Kyoto, kagaku, Japan) was used to perform comparative study
of the estimate of image quality and exposure dose. the exposure condition was 81kV and 20mAs, which is
used for Abdomen supine exam in clinical area. As a result of the kV change of the interpreted medical image
which has over 30dB of PSNR value, the value of DAP shows the difference of 19.6 times. Moreover, the
result of comparing kV change with effective dose of ICRP 103 shows that stochastic effect was increased by
over exposure. Therefore, it is significantly necessary that digital radiation technical chart will be used to
obtain high quality image and make the standard of dose by educating radio—technologist continually.
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= 7]Eo 2 AAE W8 whole body human phantom PBU—50 (Kyoto, kagaku, Japan)S 29| x| 2 323 71s}
I EAFS A HaL Arstelvh. PSNR#to] 30dBoldo.s dh= 7hs et 9] kVisto] whE DAPGEE °F 19.69

A

Aol & pehth, Ea kVB ol whE §EA %S ICRP 103 7% 0.2 v A% WAl o3 384 Jgol 5
2 o 5 Atk PR %A wE D A%E FE Sevetel s AW WA Technical chart

2 vhalstel Al G BN FAYel U@ /1F AL vhsor T olut,

TAEol mEAF, e, FEAT, PSNR, ZHIFEE Al oA

Corresponding Author: Jong Woong Lee E-mai | :woongkosbi@hanmai | .net, Tel: +82-(0)2-440-6956
Addr. Department of Radiology, Kyung Hee University Hospital at Gang-dong, Seoul 134-727, and 3D Display Research Center
Received : January, 05, 2013 Revised : January, 31, 2013 Accepted : February, 22, 2013

63



64

"Research on Image Quality and Effective dose by Exposure Index Variation”

I[. ME

A eFH e A AR T DA
°F 85% g oItk A e Xoray A & %

Aol els) WEFo] A3 gtk o) w7] el A 3

= gEsto] ofgopl] ARt vk HEF =AY
AP o] 9191 3| (ICRP:International  Commission  on
Radiological Protection)ol|A] #1318}= ALARA (As Low
As Reasonably Achievable) 7H'dell whe} A< J4-&
Qon BAt W HFe Az o Ane
2o At v e AR Y ol
18, w7boke djolvh Qo UNTAR G eales)
%ﬂ(UNSCEAR:United Nations Scientific Committee on
the Effects of Atomic Radiation) 2000 HI1Alo] wawy
FHAFEC) oI OECD =7}k A Uk F2de]
st 7AbE Wkt bRk Bl W Al ow
71l wheh 10~20¢] 2 Holg vhehfar gk
S Aol thal oz g e A Aol of
gRI ARG vl W =EAg wzel 7t

otk T3k H3 HE 7] (flat-panel detector) 9] Wl =

N

ol

ZA9 & bone soft tissue®t 70| physical contrast”}

27 & 24 % g shde BAIF e o] 2l
‘:]'[3]. HI HAE7]5 10434 9 grayscale% ZFA| L 917k
3} T wEARE AL BEATA A2
U2 101,59 A19) grayscale s 7FATE Wb 3 AE
2 Ao dlwstel He welel o
5 700 9. = BB A% Fd
Qlstel el 44 At Qo] Hav)
oL} Fria]Zo] AT 4= Qi) o] window level
indow width®] 24& &3 A =EAF F
ot FiE-g AlZtsl 3
3l 1]

e

olt). oleld WH AEVIS FHA %

~N
fr 4
f,
3
[~
iy
Y,

o
B
(T
_oll_lt
oo
k1

2

1o
4
2,
ro,
>,
N
N
olf
ol

£ 0 & o4 ro
N

o v

N
B

ol
o

>

SR 32 o
e

BP0

ol
o

N,
Nlm [‘ﬁ ol
o M g

> ofr et
D wo & ox ol ) M X g

pod)
Oﬁgx
ok
jus)
= 2
2 W
or
£
&2
o
[e]
" g
, O
r%rﬂ
—|—'01>_44
H 2
N
r*jo%
==
ol
rlo
ay I
2 |~
i

Y0 >
X
&
JL_
=
o
el
o
i
N
lo
u)
>
um
o2
ox
rlo
i,
o
~
>
U

&=l 5

2 9% A7) #AE Brs] ofH7] witolth &
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(DIGITAL DIAGNOST VR, Philips, Netherland) & AH&-
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Table 1. Principal characteristics of Digital Radiography System

DETECTOR Trixell

Detection type Indirect

X-Ray Conversion Cesium lodide Scintillator

Receptor Type Amorphous Sil'icon

Panel Active Size 43 x 43 cm
Pixel Pitch 143 Micron
Active Pixel Matrix 3,001 x 3,001
Bit Processing 14 bits
Limiting Resolution 3.5 LP/mm
Dose range 400~800
Detector Cooling Air
Anode heat capacity 300,000 HU
Focal Spots 0.6/1.2mm
Anode angle 13°
Normal Voltage 150kV
Permanent filter (mmAl) 2.5
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X-A AR Y] TFHE 25mmAl 0] added
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=
whole body human phantom PBU-50 (Kyoto, kagaku,
Japany & E.9) B @

A AR A3 272 Abdomen supine AR Z71<1
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2. Image quality

Bl Wsjel] wg giel shd HrkE shl fel
DICOM image processing software (Image ] Version
1.43u; National Institutes of Health, Bethesda, MD, USA)
= °o]&sksitt

Vel Agaa Q= A
o e se] Aol 4
R(Signal to Noise Ratio), PSNR(Peak Signal to
Noise  Ratio), RMSE(Root Mean
MAE(Mean Absolute Error)s2 A3t A7z Y
JT_B‘]—%E]—U [8‘

¥ =
3+ SN

Square  Error),

3. Source of Spectrum to be Processed

Photon energy spectrum-> 2% A& X437 54 X-
Mo vepdeh 54 X-Ae Az AEgke] oy
ol BAEE Ao O g BHOR ALEH Y
2ol wEh ek XAl Aol At B
sich

kv stel w2} photon energy spectrum®] 7FEESI
U= WBlekA] ko XA Mt walsiA =
=3

kvistol] w2 FALS] fluence M3HE simulation 3}
7] 913 Srs-78 ZZ el Ylste] ATk Fig 1.

Sewrce of Specinum to be Proces
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Valtage o - 30 3 o | % (5590 kKvp onky
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Used to

Material Mame Thickness [ mm
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Process Spocrum

Fig 1. Photon Energy simulation by using SRS-78
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4. Effective dose

wEA| 4 Wsgle] wE 3249 organ dose$ effective
dose, tisk factorS AAF8F7] 938t DICOM header ™3 B
oA =43 DAPES PCXMC Dose
Version 2.0.1(PCXMC, STUK, Helsinki, Finland)3Z2 713}
o ALt Fig 2

PCXMCER RS Tobah PAIZI) whe Lo}
o]-g-ste] WA AR 1% phantom
o] -8 A% organ dose, risk factorE ICRP 103(2007)
WA ICRP 60(1991)H 9] tissue 7FsAAFE AHE-3F
o] simulation®F Monte Catlo X2 130T},

Calculations

3 )phantom =

AL Moin morms | £hane x1ay Spoctmm | Dpem ME data tes dose calcutston | S5 P | B Savess |

Moamp bubem potemtial 125 KV Filntion: 25 mem AL
Avode ool 11 __deog

Fig 2. Effective dose calculation by Monte Carlo simulation
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DICOM headerS #4138}t

Table 3. Dose Area Product, EI, SNR(dB), PSNR(dB), RMSE and
A WA AxpzAsle] o2 DAPH EI g 943 WAE by mAs change
N DAP SNR PSNR
oAl URkH o2 A8l Q)= Abdomen supine = mAs (nGyer?) El (&) (6B) RISE MAE
Z791 = 7|Fo 2 A¥sch
81kVell 20mAsE 7|02 ATk 81kvel T v 8si 555 6078 594175
20mAs 2] DAPFS 1918.5mGyem2 2 LFEF O™ kvl
mAs Z7}ol| W} DAPZFE Z7}ehal BIES 7443k 100  9588.6 40 10495  17.517  545.015  482.841
1 7+ 4 S oA N ro
3L kVe mAs 7ol whel DAPES 7HAstal EIk 81 76711 50 12.36  19.388  430.415  388.14
Z7FsFSA T}, (Table 2, Table3 )
64 6041.2 63 14.687 21708 33%.384  295.516
Table 2. Dose Area Product, EI, SNR(dB), PSNR(dB), RMSE and
WAE by KV change 51 7%.8 80 17.301 24.33 248.45 217.566
AP S\R PS\R
KV (ay0r2) El @) @) RUISE MAE 40 3837.0 100 20274 27.2% 176,79 153.652
125 4460.6 40 12066  19.115  453.423  414.610 R 3070.0 125 23.827  30.849 17.44  102.413
117 3957.0 50  14.850  21.919  328.309  299.552
%5 2398.8 160 27.483 34505  77.001  64.262
109  3465.4 63  16.808  23.868  262.344  239.585
100 30485 80  19.43%  26.4% 193902  174.805 o W94 A0 e ® 0 0
% 2708.6 100 23.178  30.237  126.006  110.864 16 1535.9 %0 288  3b.82 6.2 5498
N 8776 125 27157 34.216  79.69  67.221
12 1199.4 320 26919 3B.MU 8B 69.768
8  2124.0 160 28.477 35.5%  68.460  52.763
10 959.7 40 5612 R6MU $H.62  8.89
81 19185 20 ) o 0 0
77 17319 20 28730 35789  66.4%  55.68 8 768.9 500 24.839 31.86  104.53 88.4
B BR6 X0 X3I® BB &2 7459 6 606.9 630 24.75%6 31.778 10552  88.159
70 14135 400 25.042 32102 101.666  87.4%5
5 480.3 800 24588  31.61  107.583  89.875
66 12405 500 23.8%0  30.%9  116.090  100.166
63  1125.8 500 28.1%2  30.25% 125799  108.543 4 384.5 1000 24.289  31.311  111.357  93.841
60 1002.8 630 22.091  29.150  142.803  124.361 ) - 050 2414 31 11898 B.6E
57 891.9 800 21.608  28.667  150.975  130.368
2 240.7 2000 23.92 30.954 116.04  97.85
5 817.4 1000 20.984  28.043  162.217  140.018
52 707.0 1250 20.083 27142 179.951 154.370 2 194.6 2500 23.516 30.537 121.727 102.776
50 633.0 1600 19.4177  26.476 194293  165.599 ! %6 W0 B 00% 15184 105.818
48 569.7 2000 18.617  25.676  213.08  180.475
1 122.7 4000 2613 29635  135.0%4  113.62
46 505.8 2000 15.808 2.955  291.401  245.724
M M3 B0 15567 2.6 302647 252656 1 %.8 6300 2.001 2.0 14491 121.461
2 378.9 3200 15.547 22.606 303.356 249.981 1 75.7 8000 20.421 o7 442 173.834 141.698
4 U7 400 15.305 2455 08.691  252.655
1 57.5 8000 20.183  27.205  178.658  145.629
40 315.8 4000 15.675 273  28.919  242.200
1 451 8000 18.945 25.9%7  206.016  164.49
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Fig. 3 a. 96kV 20mAs and PSNR is 30.237dB, b. 81kV
20mAs and PSNR is oodB, ¢. 63kV 20mAs and PSNR is
30.252dB, d. 81kV 32mAs and PSNR is 30.849dB, e. 81kV
1mAs and PSNR is 30.294dB

T ®HA 81kvell 20mAs 9] Abdomen supine G
reference 2 3} kVH 3} W= Image quality S v 3}k
7] #1384 SNR(dB), PSNR(dB), RMSE, MAES2] & H]
WAL SNR(AB)2 reference 3= 7|22 ket
mAs W3lol] whe} 7H2819) 31 RMSESH MAE#ES 57}
shth kv Wsto] whE PSNR(B) 2 63kVellA]
96kVZHAIRE 30 dBO] o2 SAHENIL mAs 27 W
slol] wh2 PSNR(B) #2 1mAsolA] 32mAs7H4] 30 dB
oo g Z=Ax]jo] {eto 7 Image Quality9] Wil
& F AATHeg 3.

Z Image Quality®] A8t gl kVel mAse] ¥s}d]
U2 DAPEHE  mAsE SIS A9 9okvelA
2708.6mGycm2, 63kV oA 1125.8 mGyem2& <F 2.4H|
o] z}o)7} gl er kW AT E HF 32mAsolA
3070.0 mGyem2, 1mAs©l A 156.6mGycm2 2 2F 19,681 2]
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Fig 4. Calculated photon spectra: 40 kV from the 125kV
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Table 4. Analysis of processed spectrum

Mean Photon Air Kerma 1stHVL

Energy (keV) (Gy /mAs at 750mm) (mmAl)
9% 48.5 224 3.485
0 46.6 201.9 3.235
85 45 183.9 3.029
81 43.6 169.8 2.868
77 42.1 155.9 2.71
73 40.6 142.4 2.558
70 39.5 132.5 2.449
66 38.1 119.8 2.311
63 37.1 110.3 2.208

Photon energy®] 7 gk 96kVOllA] 48.5keV, 81kVol
A 43.6keV, 63kVOlXA] 37.1keVE UERITE 7] o] 3
o= EFUR2] Fel air kermaZh-S 96kVOllA 224,
81kVoll A 169.8, 63kVelA 110302 YER oF 2n]2] =}
Uebdth  kvell wE 1stHVLS  96kVellA
3.485mmAl 81kVollA] 2,868 mmAlL 63kVolA 2208 mmAl
o2 YERY oF 157819 M9 AfolE UERILL

Table 53 Image Quality®] #A3}7} gl kv o] DAPZE
S pCXMCol 433 Monte Carlo simulation®l] ]3]
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Table 5. A comparison of the Effective dose by kV change.

Effective dose Effective dose

kv
ICRPEO0 (mSv) ICRP103 (mSv)

% 0.736269 0.698703
) 0.646284 0.61331
85 0.577363 0.547905
81 0.521497 0.494889
77 0.470777 0.446757
73 0.421213 0.399722
70 0.384225 0.364621
66 0.339646 0.30052
63 0.30052 0.285187

ICRP60OIA]  63kVOlME FaA=o] 0.30052mSy,
81kVOl A& 0.521497mSv, 96kVolA= 0.736269 mSvE
el oF 258 9] g d wEato] 7 QIATE ICRP103]
M 63kvell e FEAwFo] 0.285187mSy, 81kVellA]
= 0.494889mSv, 96kVOll A= 0.698703mSvE LFERL; <F
25419 fraAdwF 2ol 7k Al thfig 5.

mSy -
0.8 --

Effective dose ICRP103 (mSv)
Effective dose ICRP60 (mSv)

0.7
0.6
0.5
0.4
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0.1
63 66 70 73 77 81 85 90 96
kV
Fig 5. Effective dose by kV change
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Fig 6. Risk of exposure-induced death(REID) for various kV
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