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Fig. 1. Schematic of direct (a), indirect (b) conversion digital
detectors.

AR YAl [N RY XM BYAIAHO

2. MTF, NNPS 12|11 DQE &7}

1) MTF &3 2 2M: MTF:= 94 A&l F349
i+ A7Vsle T8 AXEN FI4 ASdrE 9
Ht}. MTF+ line spread function (LSF)2] Fourier Transfrom
= Egrh B dFodAE MTF 552 93l edge
s o] &=t} HE719] pixel pitchZet o w| A&k Al
Z7 77 (effective sampling distance) S Zr= composite ESF
(edge spread function)E ¥ 53}17] -.—]fa“]—oi edge W& HA
matrix®} 3°% FiL XA ZAh AEY ANF 0 2B FEH
AL 7 dxe 4 1/tan<9, pixel sizemo 2 T F
et

A 2Elel| A HEA

g :
FAFAFYY BT

e}
NPS(un,vk)
2
. AxAy M N
= lim E EZ z; y a: Y. O
NN Moo Mo NN, =0\ 2 (A= J b J))
exp( 2m(unm +vky]))
X-ray source
Focal spot
T
2
k7]
o}
<
© 2
10x10 cm
Chest wall Detector

Fig. 2. Illustration of experimental set-up and position of ROI in
white image for measuring linearity.

Table 1. Characteristics of mammography system (A) and system (B).

Model Target/Filter . . . Detector type
System L Pixel dimensions
(Manufacturer) in clinical use (Manufacturer)
A Senographe 2000D Mo/Mo 100 £ m Indirect CsI
(GE) Mo/Rh (Trixell)
Rh/Rh
B Prestige W/Rh 851m Direct amorphous Se
(Medi-Future) W/Ag (Hologic)
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Fig. 4. The relationship between the mean pixel value and exposure for A (a) and B (b) system.
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Fig. 5. Attenuation curve for the 1st HVL and 2nd HVL at W/Ag 30 kVp (a), 1st HVL curve according to tube voltage by
measuring X-ray transmission as function of attenuator thickness (b).
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Fig. 6. MTF curves measured A (a) and B (b) systems at RQA_M_4.
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Fig. 7. One-dimensional NNPS curves measured A (a) and B (b) systems at RQOA_M_4.
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Fig. 8. DQE curves measured A (a) and B (b) systems at RQA_M_4.

Fig. 9. ACR phantom images are
taken with indirect (a) and direct
(b) detector. The average glandular
dose is 0.646 mGy. 4 masses, 3
specks and 5 fibers are clearly
seen in all images.

0.544, 05672 %A Elo] okl 2718 FFAZch HVLE  photodiodedl] A H&sto] #1712 A3l el
8 L

AAe] BEAS Yelll= AEEZHA g4 dlxx 8 AGD 224 "] gxte g 9l 4] Els

ZAol & 435 v]Hcl Homogeneity coefficients X-ray — th 7HgHsHA AZ7]9] 739 AwshyA A&7 Hot
2#EH ] 5 UehlE AZE 04 1o AAE =2 XA H3tEE S Zevh ol A AEve
o, Ak WAAA 25 & 07~097F Hh'Y A, BAl  ARWIEA AZ7)0 v Aoz £ ko= 54
2=512] Mo/Mo, Mo/Rh, Rh/Rh, W/Rh, W/Ag 23] 30 kVp & HQIvhFig. 8). AlFEE Z+= AAH3h4 AE7]9
Y vl homogeneity coefficients= 0.864, 0.831, 0.772, 0.833, DQE sh2 =

07602 A=tk MTF= B#4] elles F7kste o & 7ol A&d F Al&dd $93 A&z =4
Ag2ZA ZPughA A&7l vl A4k AE ¥ ONR 2413 A3 AAushd 25717 o =2 CNR
717 22 e FAFU o= AHHIA HEY] g Hioh £ DQE EEE Ze HEVY ¥ 4
o 7% AR Adlgel AR Xy oUAZE A71H % AdRoz 24 A O U A9 44E H5E 5 3
stz A3 wstslo] Ao ey Ralee] o] 719 oh F, A HEY] A& A 3R] AFARE
gl dde 7] wigeldh Wb AWk A&7 294 5 idke Aot

o B Xray olUAE Yoz WA & 445 ds olAd AL AR R FAf GdE Y537 9d

|
N
~
~
|



A%H R g AN NF Aol ol Fol Aok & 2

o, HH 9| o g AuEE ATyl sl M A=

71l etegst SE-Eokell tidt AFE PA o] Folxof &
Aol
& 1 2 ©

1. Robert S. Saunders Jr, Samei E, Jonathan L. Jesneck,
Joseph Y. Lo: Physical characterization of a prototype sele—
nium-based full field digital mammography detector. Med Phys
32:588-599 (2005)

2. Monnin P, Gutierrez D, Bulling S, Guntern D, Verdun
FR: A comparison of the performance of digital mammography
systems. Med Phys 34:906-914 (2007)

3. Samei E, Flynn MJ: An experimental comparison of detector
performance for direct and indirect digital radiography systems.
Med Phys 30:608-622 (2003)

. Intrernational

oetzel - M21d M3S 2010

. Samei E, Flynn MJ, Chotas HG, Dobbins JT IlI: DQE of

direct and indirect digital radiographic systems. Proc SPIE 4320:
189-197 (2001)

. loannis Sechopoulos, Carl J. D’Orsi: Glandular radiation

dose in tomosynthesis of the breast using tungsten targets. J
Appl Clin Med Phys 9:161-171 (2008)

. Samei E, Ranger NT, Dobbins JT lIl, Ying Chen: Inter-

comparison of methods for image quality characterization |.
modulation transfer function. Med Phys 33: 1454-1465 (2006)

. Dobbins JT Ill, Samei E, Ranger NT, Ying Chen: Inter-

comparison of methods for image quality characterization Il
Noise power spectrum. Med Phys 33: 1466-1475 (2006)
Electrotechnical Commission: Medical
electrical equipment-Characteristics of digital x-ray imaging de-
vices—-Part 1-2: Determination of the detective quantum effi-
ciency-mammography detectors (IEC 62220-1-2, Geneva,
Switzerland, 2005)

. HEAMAMI|IE: FrosddEA3eEd (2007)
. ACR Standards Res. 21: American college of radiology (1998)

Comparison Study of Image Quality of Direct and
Indirect Conversion Digital Mammography System

Hye-Suk Park*", Yuna Oh', Hee-Jeong Jo™, Sang Tae Kim®, Yu-Na Choi*, Hee-Joung Kim* "

*Department of Radiological Science, College of Health Science and TResearch Institute of Health Science,
Yonsei University, Wonju, TDepartment of Radiology, Seoul National University Bundang Hospital,
Seongnam, §Department of Radiation Science & Technology, Chonbuk National University, Jeonju, Korea

The purpose of this study is to comprehensively compare and evaluate the characteristics of image quality for
digital mammography systems which use a direct and indirect conversion detector. Three key metrics of image
quality were evaluated for the direct and indirect conversion detector, the modulation transfer function (MTF),
normalized noise power spectrum (NNPS), and detective quantum efficiency (DQE), which describe the resolution,
noise, and signal to noise performance, respectively. DQE was calculated by using a edge phantom for MTF
determination according to IEC 62220-1-2 regulation. The contrast to noise ratio (CNR) was evaluated according
to guidelines offered by the Korean Institute for Accreditation of Medical Image (KIAMI). As a result, the higher
MTF and DQE was measured with direct conversion detector compared to indirect conversion detector all over
spatial frequency. When the average glandular dose (AGD) was the same, direct conversion detector showed
higher CNR value. The direct conversion detector which has higher DQE value all over spatial frequency would
provide the potential benefits for both improved image quality and lower patient dose in digital mammography

system.

Key Words: Digital mammography system, Direct conversion detector, Indirect conversion detector, MTF,

NNPS, DQE
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