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Evaluation of Usefulness of Automatic Exposure Control (AEC)
by Comparison Analysis of Entrance Surface Dose (ESD) and Entropy
in Clinical Application of Digital Radiography (DR)
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Abstract

The purpose of this study is to evaluate the usefulness of automatic exposure control (AEC) by
analyzing entrance surface dose (ESD) and entropy on using automatic exposure and manual exposure.
The experimental method was to measure the dose by placing a semiconductor dosimeter on the
Rando Phantom for the Pelvis, Abdomen, Skull, and Chest regions. The DICOM file was simultaneously
acquired and then entropy was analyzed by using Matlab. As a result, when using the automatic
exposure control, dose of all sites was lower than manual exposure’s dose and entropy was high. In
addition, paired t-test was performed for each item and p{0.05 was found in each item. In conclusion,
the use of automatic exposure control can be a useful method to contribute to the optimization of the
exposure dose and the image quality by reducing the amount of unnecessary radiation amount and
information loss that can occur in X-ray examination.

M keyword : | Digital Radiography (DR) | Manual Exposure | Automatic Exposure Control (AEC) | Entrance Surface
Dose (ESD) | Entropy |

Atz 0 20194 07€ 10Y
AMXIXL : O|ZHH, e-mail : ylly7@hanmail.net

20193 068 05
201943 07¢ 01

A
[y

El 0z

(-
(-



CIXIE AR AIARIO| LeE Q30 [ AN M Al YAEFR S Entropy HlWRME SOt AHSTENOERI R84 Wt 277

LM 2
HAAS Theft Fofo]l ARG wiizo] AtSlHoE
nEsfol & Sk tiidolH(1], 1L F EAE o
Fo= Qs == A AFET AEY] Mt
9 A8E & SRz o]50] § & Afole 1 38
8 AL JoH2]. hEAQI A& At Aol
QIEHI A A Y] WA M EL2 i ARE 551 ¢
St oA o8 & glo] RtE= AECTH2][3]. W
AR B9 BoA RnEL HIE X IS
=t AR ASHRE dof EZo] Ertd FAA
gt Hg/do] FojdrH2]. o]t =R EL 7Y
AR S G5 AT, olAo] s A8sHA|
B= AR QfjE o= <t AH2]3]. ol ofu]ofA
O|gof|Ao] WA 3F )= v F837F ARjtoltt
AN 0 E BEE fIste] =4 AR R eled]
(International Radiological
Protection, ICRP)7} o8] 74| #1IQt & H3Hsto]
AR o] 120 ItH1-3). YElE, ICRP 93004
= gAE WA A 2E(Digital Radiography, DR)]l
A9 AR ol gk Y-S JASHoE tEH
A 7& S44 SR1A 2a ol49] A% Foiof
s st off 7R A4S Agstal AeHA4L
ICRPOIA TR HAMA ] tfsf Agsl= ol &
9] AE-23" PAA HAE HAoE Hoj WA
FdE gSch= o] A BHERIAL, 1ol whef At
oA FEES wFo] dojd & 7] wzolHA4l.
YA g #Alo] 7HAs B O R o] & uf, FEd
g 1 E9] YQle R DRY Ay og ulE JHEER
A, A2 34, He 45 W9(Dynamic Range)?]
T 5 5 AUTH4. ol= HIF AEe I S &
7] SIRE A9 FHTH AAY @A AAHo] FAE
AT A4 B 5= Sl Hdo] et A
o= ojb A HAo] 7hssitty, duitEe] HAR
| SRS € & sl EA7E D86 €
[4-6]. &, "dAd WA A4 W2 95 He, T
H A B4 Fo| WA mE g JgetA 2E
E71s5HA Rt 94 e B3 AfFo R o4 ¥
=t

Commission  on

=

Q,

Ak

%

H

1]Zo
b

o

o|2fgt ZAIHZ siasty| flsf EH o LE&X|5
(Bxposure Index, EI), ®WA}A|s(Deviation Index,
DI), AREzZFE9(Diagnostic Reference Level,
DR} 22 7iido] == AJeH7I8]. AL BEF-A
I A2 I HATF AR =3 vt 1015 &
A9 Aol AALS ZHAA| N HAE W49 Buy
71 W 104 ©AY 2Eo|AAYE 7HAALTIISI,
L& Ao dis) AFRY Eo& wWEs| oj#fER
S} mERFe] 7] A HE wEqX 7 EYH Aol
tH4). o =E&3XeE ARAPERE FoJe) Ao
Zpolgdo] QlojA AHmitt 1 $AE H|Ws = ol
o} olgdt &A= IAEE FESH| Yol HAA
k= 7idol 2ol ==t Tote] At 9 FA]
A AR AAtelA 2} o ulE BFS o] XA 9
sto] AR ST = d=s =Ysks & tAE WA
A Fofol A o] FEET WES BR|skaL FAlo HZ 9
B S A7) g dF-Eo] AP oTHIL

ol¢} 72 9] d¥o = FYoAN= AA F X
7} W= D|EE £017] floto] B2 A7t X3P E o]
STH10-13]. L & HAF 9] F9 4719 S5
of I3t A, WA HSE St AHA B gt
AT, A S A oA} oEAgT 4 Bk A0
et RS0l dEAolth. 7129 44 34 4 d+=
2 AR T3 DFobA] dio] oA A Es
TeEH FAo] Mkt me RS o 42 €@ A4
folle 7189 ¥4 g B0 2= HE offe}
B 3 5= ATH o= nofsl= Aol Erbssithe
AgAE 7HITH10111].

] W FE £0]7] flsiA 9u] Sle AP E.
Ad Y= G55HA It A9 £2A7F "ot
Aol AEFS drhvt AU QA EIF AR o
FTAAEC] 1Edfof & tiidolr] miEoltH7-9l.

ojuf AAM FAgo] FAA FxE wolel= A, &
E=2T](Entropy)E #4405k A2 A &2kl
e} defAe RGE A0 E wolsk= Ao| 7hs
sitH14]. 95 HiolH= daM HE7)9) Aot
ol ol drietEe] Jrgo] Foj==Xo] uhA 2
457] wizeleH10-14].

olof &Rtsto] 2 AtoA= AeEd s W

40 o2 i



278 $=ZEHIREE=2X| 19 Vol. 19 No. 8

A& ARESte] d2 PAF9 YAEHAZHEntrance
Surface Dose, ESD)# EntropyS £45}0] A5

Aolge] f-g40] thal Fobmizt steic.

I Cht % e

1. DAY 3 AdV)7]

AL 20194 19 194%H 300177}?(] 3099 AA
235kt A SRR = A A A F
SiemensAte] Fluorospot Compact Manual2 2&
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33 1. Fluorospot Compact Manual

AFAE IBA DosimetryAle] HIEA]
MagicMax UniversalE ARE-CHIE 2].

A

2446, 104131 |38mm

24667 99.200

13 2. MagicMax Universal

g2 AAS7HEEE 44 Rando
Phantom(Alderson Research Laboratories, USA)S
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2.1 BN MFAE Olget YAEHEMZ =

Skull, Chest, Abdomen, Pelvis F%J°]l thoto] A
HEAAZFS 4ottt Skull2 A &34 A AR

2 FAL 75 kVp, BE Alo]ZE= 31 x 31 n, SID=
100 cm, Chest® AR} 109 kVp, WE Afo]== 43
x 34 cn, SIDE 100 em. Abdomen2 4 75 kVp,
YT Afo]ZE 43 x 34 em, SID= 100 e, Pelvise &
% 81 kVp, BE APO|ZE= 34 x 43 cn, SID+= 100
mO & siirh ZF F919) WARFE AsEA A
E AREE O W2 72 ARSSIAL, AAskeEA o
22e] v E A oA FEeEE A EA
AN U2 58 BHAFFE A8t ol
AFEFS Skull> 18 mAs, Chest+ 3.3 mAs,
Abdomen<2 16.1 mAs, Pelviss 23.3 mAs °|THE
1].

= o 4

siof Bl LC A= SID
T (kVp, mAs) (cm) (cm)

Skull 75 18 31 x 31

Chest 109 33 43 x 34
100

Abdomen 75 16.1 43 x 34

Pelvis 81 23.3 34 x 43

PAIEHATFE WS vz 2 AT U3F 24|
(Supine position)® YAAZ] & AFAE &3l =74
sttt AeLEA0EAY} FELES  ol8sto
Skull, Chest, Abdomen, Pelvisol i3t A#-S 304
AAete] Btat BERAE YER TS 3],
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2 3. Skull, Chest, Abdomen, Pelvise| MZ¥ =X
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2.2 dAM SO FE

A2 G2 Holg AE7I9 Fu9 FEE 70
2 AAAZ o AHAF HolEol Rando Phantome
AT o JAAA i e £5eES °|
8510 EE5Htt. FA4E 5] AHEH Parameters
g e, FF ZxE 12°, 4€7] §32 Thin

Film Transistor (TFT) HZd  AgE
(Amorphous Silicon, a-Si)& AR&oh= 7Rk oH,
HRAof o]&

2%]= Scintillator= Cesium lodine

4]

(CsD), Pixel Sizex= 144 pm, Bit processing< 16 bit
o|THE 2].

H 2. GARd 2RI 7= AME

. Bit
Azl Detector  Scintill P'.X el proce
Target Angle T Size :
o ype ator ) ssing
- (bit)
Indirect
. based on Cesium
Tungsten 12 Amorpho lodine 144 16
us Silicon

Table girde 737(} H]
13:1, & o= Eo’: 5 0 mmAl A&7 2% 400, A
5= 400 mAE TASACHE 3]

= 3. 7|} BixE0Q| EX|
= ofnt HEY

2 XH Z: 2

ol A AXE  ~ e )
N
33y 1311 5.0 400 400
U

2.3 gi S 24

S Ao 291 Ak Ay oA I DICOM

(Digital Imaging and Communications in
Medicines) TS PACS (Picture Archiving and
Communication System)Z 53t No

compression Ttdolc}, ZF GAJof|A] Pixelo] dFEE
AE 9 gEZ mofoly] e APAACE Image ]
Version 1.52a (Wayne Rasband National
Institutes of Health, USA)E ARgs}o] ZF JAFe] 4
A ALE FESHL S| AETH EYTII0R B4 g}
| AE 1 (Pixel value histogram)2 dojytt 1 &
Z¥zvo] T Ao r,H_o].: gAto] YRS
Hslodet. Hreke

2 T off YEPg

S Entropy® &
Z 1(E), BEY Abd PASES P(E)
Az r@=t

I(E) = 10&(%@) = —logP(E) A1)

shat e HEFE ai, PHSES P o
oH JA9] Entropy F= 42 BT & Uth

E= Z}P(a )(a,) =

— 2, Pla))log,Pla;) A(2)

A2y Matlabel WI=iSl= W®Hol Entropy
protocolZ =5t} ZF H9]9] DICOM F/dol thgt
Entropy®] B¢} EEHAE FotcHIE 4].

(a) Matlab protocol

=

4085

Count 4130456 Min: 0
" Mean:1602.358 Max: 4095
//ﬁﬁ// StdDev 1259.757  Mode: 565 (223722)
i Bins: 256 BinWidth: 15.996

(b) Skulle] H4 M1t Pixel value histogram
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4095

Count: 7092000 Min: 0

= Mean: 892.545 May; 4085

StdDev: 551.464 Mode: 0 (594630)

Bins: 256 Bin Width: 15.996

=
N s

(c) Chest2| HA

41} Pixel value histogram

4095
Count 6431670 Min: 0
— Mean:816.808 Max 4085

StdDev: 482.285 Mode: 0 (115951)

Bins: 256 Bin'Width: 15.986

(d) Abdomen°| At 1M1 Pixel value histogram

4095
2 Count 6432600 Min: 0

' Mean:611.301 Max: 4095

StdDev; 489.265 Mode: 0 (GAE779)

Bins: 256 Bin'Width: 15.936

(e) Pelvis®| H4+ 1M1} Pixel value histogram

Jd 4. Z 29(9| Entropy &4

AFESE dlolE 9] BE Btk IBM SPSS ver 23
(IBM Co., USA) program= ©|-8
=2 AP35} p0.058 EA A

25}o] paired ¢-test
oL Ak

1. BIEXN| &

Skull, Chest, Abdomen, Pelvis Z}Z}+9] H-2]o] tj3
30HY AR & A2 MFe AHFeEAofFH] o))
Al Skull2  0.850(+£0.007) mGy, Chest=
0.297(+0.015) mGy, Abdomen< 1.051(£0.005)
mGy, Pelvise 1.309(x0.011) mGy ¥t 5=

HEAE ol8et ME =3

o
mx

t

o]& Ao Skull2 0.854(£0.009) mGy, Chest=
0.324(£0.011) mGy, Abdomen< 1.171(£0.012)
mGy, Pelvise 1.381(+0.015) mGy JTHIE 4].

B 4. UMM Waat BEH

ZApEY| RS cEH(01 | SELE paired

T 018 Al MZHmGy) OIS Al M(MGy)  t-test
“Skall 0.850(x0.007) 0.854(+0.009)
“Chest 0.297(x0.015) 0.324(0.011)

X0.05
Abdomen 1.051(+0.005) 1.171(x0.012)
""Pelvis 1.309(x0.011) 1.381(x0.015)

"AEC and Manual exposure dose of Skull = Entrance Surface Dose of
MagicMax Universal (mGy) x Back Scatter Factor (1.3)

"AEC and Manual exposure dose of Chest = Entrance Surface Dose of
MagicMax Universal (mGy) x Back Scatter Factor (1.2)

" AEC and Manual exposure dose of Abdomen = Entrance Surface Dose
of MagicMax Universal (mGy) x Back Scatter Factor (1.4)

""AEC and Manual exposure dose of Pelvis = Entrance Surface Dose of
MagicMax Universal (mGy) x Back Scatter Factor (1.3)

2. AAM FY =S1t Entropy &4 2t
3]

@2 DICOM TdS Matlabs ©]85
-O_

of Entropy 368 AT} 1 23, AELEAIEA
£ AEYE 1 Skull2 5.836(+£0.003), Chest:=

6. O78(+O 005), Abdomen 5.784(+0.008), Pelvis

£ 5.662(+£0.002) ot FELEE ol&FE 4
Skull—: 5.602(+0.007), Chestx= 5.972(+0.002),
Abdomen-2 5.754(£0.005), Pelvis= 5.566(£0.005)
OJAT}HIE 5].

H 5. Entropy &

ZApEe RS EH(01 x| sstE paired
=TT 0|2 A| Entropy 0|2 A| Entropy t-test
Skull 5.836(+0.003) 5.602(0.007)
Chest 6.078(+0.005) 5.972(0.002)
0.05
Abdomen 5.784(x0.008) 5.754(+0.005)
Pelvis 5.662(+0.002) 5.566(+0.005)

Iv. 1% & ZE

T Fo| et 5] B A% AN AL, doRE
A9 tidol & Zolth. ojet oA =AY
ICRPO 4 3t uZo] HIx|Z 95 o 77t &
W YTH1-4]. B A2 ICRPOA E7hsk= Ba
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e HAE A Bt o] &k A #e, ICRP
850l AEHofA S A} A BelE thEtt ©l

Qo= FA7t AolQl ALt AAEQ] ALk ojEA
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el H ol HARE FATE AL AFTH9]. T
EZ S0l AL YA SARZE FEEA] 1LEsfok &
ol Agt Qu] Sl AFFEE FSoh= Ax
T 2sfof it}

olo] &Rtste] & A= Skull, Chest, Abdomen,
Pelvis F-9]of] tioto] AaleEAoPdA|e} 5% A
£ Al JARAAZFT Entropys E451] AHsEA
oIFA Y -84 GotH A SHqiTh

£ dHe BE RYE YR = AR EO]AF’%
AL Aol A Ao mEH A AL} ==
Aol w2t M=t G4 3ol B &= Sltke @E
st Ql=Ti[15], & Adol] ARSEH WA A=
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of A9 Ao FFE = 5= S04 olof tigk A¥
< HiAIsHITh

olF EYE JARHAZE B3t JAHA
T2 BE oA AsLeEA 1R A Al S EeE
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o} gzksHAl )14lst7] wiEoloh5]. E3 Abdoment
Pelvist= Skull¥} Chestof|] B]w3] & o AFF X}o]7} =
A vepdth AsEAoPd A Wil wet AR
& ZETTH5(16]. A0 AAMo] ZALEH ¥, 5
@), 1, A%, 37 &A2 A4S go] g5,
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ThgoE B ATelA: s1Ee] G4 5h B4 uhy
EHe th2A Entropy® G4 8HY BA| ol 8
o} 7129 Qo] e Ao AR GPe il
o 81, F, AR5 ofe] 7] 8200 8] gekA
Sl 4I4IN 7], omo} SEAA0 T
AR T4 g ATHR &
= o)A Entropy®] 9-84€ Husta QrH17-24]
71 019 Entropy’t 349 BAH 542 Uk
A % Gl R gt SAZ 23zl o
RolTH17](18]. e17]A4 Wole BAH S4olet o]
AAG SEREIH A Wate e o)z 19
o] gdo] Wio] ek e uFeHIsIRal. ©
op}h BARE BAGTHE Ze WAl ALTAY i1
Yohe Higshs B sk Wee] B wiske
EMih —6;}% Rl Sgsc Ae wid

of7} A% off F-2H|(Signal to Noise Ratio, SNR), T
2= 9 &SH|(Contrast to Noise Ratio, CNR)] 7
Qo= 4] J9(Region of Interest, ROI) A&of u}
£ Pixel NumberE o84 AAsk=A]o| ute} 4olgt
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