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A Study on the Image Quality Evaluation of a Computed
Radiographic System for Mammographic Applications
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o] 33 ¥FA|=5, Anti-Haloz,

3% 249

A. Tube side B.Table side C. Open Cassette D. IP

1923 FHAES IP

MD30 MD40 EBC top coating (10p)

Top coat Top coat

__— BaSrFBrlEu (250-275)
Phosphor layer Phosphor layer

At hataton ayer |, | Adhesivelayer | — Adnesive layer

Anti halation layer | —— Anti halation layer (5 p)

White PET

White PET
White PET support layer (175p)

Laminate

Laminate

T Laminate (350p)

2% 24 1P @ E(MD30 : 10 pixel/mm, MD40 : 20 pixel/mm)
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o] &L 400nm°] o™ image?d 241ZthFH L ¥ (signal-to—noise ratio, SNR)E =
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1) %4 D aF T RIWE A (Fag 0 1A g A])
2) &% D32 kW m=E 7 o)

3) kV #H 9 1 23~35 kV = I o



4) mA : 28 mA (small focus), 100 mA (large focus) =& 1 o] A
5) mAs ¥ : 3~500 mAs Tx 1 o|A

) AT wE RE

- Auto-time . system selects mAs / operator select filter, kV and density
- Auto-kV . system selects kV and mAs / operator select filter and density
- Auto-filter : system selects filter, kV and mAs / operator select density
- Manual . operator select all parameters =+ ©]9} &5

X-ray 72

1) €883 : 162 kKHU T+ 1 o)

2) B A4 Mo T&E Mo/W

3) 2 A& : Mo, Rh &=+ I o]

4) Anode 3 A &= : Max. 9300 RPM %= 1 o]

5 FEB %3 201 /03 mm B o9 55

6) Cooling Medium : Air-cooled

2y

1) =2 DA E

gu HE

1) %2 71BN e o9 55

2) 27] 18 x 24 cm

3) ¢ 2=
- Pre-compression : 66N ~ 132N (15lbs ~ 30lbs)
- Full-compression © 110N ~ 178N(25lbs ~ 40lbs)
- Manual Compression : Max. 300N (681bs)

W7 a8c=

PIIRY OEE

2) Aol = 18 x 24 ecm

3) 2y =dg& % o4 ¢ 51, 31 lines/cm & 4:1, 27 lines/cm
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C(/): Xmax_Xmin (2)
” Xmax + Xmin
ot Gmax + Gmm
Qurgow WEADHFE SHeE PHolE pinhole FFEAH, slit T4

, edge F3FAW, 29 7P AEY Fo] ALHH, & AT slit o

Slit 9A=AHL  piont spread function(PSF) ¥ line spread function(LSF)
JH 02 S/F Alz=dloax W gatoz Qe e AA
Aol drty EAY 7S YeElE Aot H(point)e] 1x419 d=wdel A

(line)oll ™ d FAA~do HIL S = Aoz 1 WSEAS line spread
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derd 23
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(isotropic)o] ™ 12k MTF(u,0)&

T AHR[9]

1
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ntation of the 2D PSF

psf(x,y)dy

J-+oo
—o0

1sf(x)

=3(x)= [point(x,y)dy

line(x)

Fourier
Transform

MTF(u,0)

-+

[Isf (x)] = Jlsf (x)e ™" dx

3

MTF (u,0)

MTF evaluated in 1D

Aol o

=
=

a9 29 Slit 9%

2.3 FS8 29 E  (noise power spectrum; NPS)
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ol A
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9 =

interest; RODS ZZF 128x128 =719 470

(4t 4 (5)
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e

FA B

S

rel =y
NP5 normalized (U,V )= Q‘ =

ol
=

]— O:] NP5 raw (U,V)

o) 43

=
=

AzAy

NPS'{IU} (u) v )

(5)

NPS"{IU} (u7 v)
(Mean signal of 256 < 256 ROI)*

NP*S'(IL()'rmal’ized (U’J v ) =

2 E ROI Aol A9 Fourier W3

p
.

olw {| FT(u,v) [)

W, NSt Ny

224 a8l Az, Aye x-, y-%9 F

9,]

o] At Fourier W 3

1
.

A=712 27 Jebdg(2d 2.10).
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E | D FFT

A3 AEEES Y= SNRY tidt 2 SNR Hl9] Aoz Aoy m, 2
(6)7} 2ol Al vi[12].

_ GX MTF*(f)
DQE(f) N q X XX NPS’norfnalized (f) ©

A714 X 2AMFmMR)S YERH AL, G gain factor24 7] M= At sk
NPSE o] &3}7] W&ol 1% 2o, gxX & Photon fluenced EWTE
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MTF(f)

NEQ (f) - NP“SLmvnalizcd (f) i
PQE) = s g = M N

o714 NEQ(f)= tlx 8 X-A gAA 289 noise-equivalent quantas e} T},

2.4.1 Photon Fluence A4t

DQEZ Ast7] Y& 23 a4 Fo s Agd" X-49 photon
flucence(®)o] ™ w913 photon/mm°o]th. Folx AF x| A AL&H o7 #A
3, & EH(ZHF+R7HFA, 34 F F(mAs), SDD(source-to-detector distance)
So] 9 3o} SRS-78 X-ray spectrum simulator® o] §3dto] Z+ oY A|o] W& =
photon®] 7HE 8k, ol& A das WA wet ®Aske] photon fluence

5 AtsAo(2d 2.10D).

V474
=[N BaE ©)
0
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9 211 SRS-78 Z2 A& AFE3ste] A4S X-4 2" EH

3.1 F%
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>,
o

Ao A AFEE  mammography-& oA FagAl~¥lS X-A (35 kVp 5
mA), 50um HA=7]E 717 Image Plate®2 FAHYTH(2E 3.1). o] w A&
slit HI2~E 3152 Nuclear AssociatesA9] single slit camera(Model: 07-624)¢] th

(1% 3.2).
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18 —o. -
~o._ —c— MTF
& -B— Presampled MTF

\ o — — sinc(bf)
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2 L
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3 0.4
[e]
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'_
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0.2
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0 2 4 6 8 10

Spatial frequency (LP/mm)

28 35 Slit AES o] &3] A" MTF =4

19 35% slit MES o] &ste] HTAHoR Axk® MTF FAHE B Frh.
Pixel Z7]el 9|3 Hjal} == Pixel?] sinc(bf) & UYEMH L o]E AA =4
St MTFS} Y7ol 224 Presampled MTF £ T3}t pixele] =ZL7]o] <k
MTFE A 2glols] ABFHoR Yehfol XA o2 Fourier WMo 2 1}
Efo] A= MTFghe YEbd upel o] AA MTESE wst7] Fej= i3 o)zl
o slit G5 ofgh Fe Y EE oF 328 LP/mm A== S AT
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3.4 %23 AEE S (detective quantum efficiency; DQE)
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ABSTRACT

A Study on the Image Quality Evaluation of a
Computed Radiographic System for Mammographic
Applications

Yun, Kang Min

Advised by Prof. Cho, Hyo Sung
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

In this study, we have tested the effectiveness of a CR (computed
radiography) imaging system in mammographic applications, measuring the
detective quantum efficiency (DQE) as an objective and overall evaluation
parameter. The DQE is computed by using the photon fluence used in forming
the image, the modulation transfer function (MTF), and the noise power
spectrum (NPS). The CR imaging system we tested consists of a conventional
X-ray generator (35 kV,) of a molybdenum (Mo) target, a image plate (IP) of
a 20 pixels/mm size and the BaSrFBr:Eu scintillator, an image digitizer, the
MUSICA program, etc. The acquired digital X-ray 1image data were
postprocessed with a dark and bright correction process, and both the raw and
the corrected image data were used to calculate corresponding MTF curves.
The resulting MTF curves, as expected, decreased gradually with spatial
frequency, and the spatial frequencies at the 10% MTF value were about 3.3

LP/mm. In addition, the MTF curves were almost identical for the raw and
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corrected data. The photon fluence we calculated for a given test condition
was 1.27x10° photon/mm2. The DQE calculated by using the photon fluence,
MTF, and NPS was in the range of 30~40% at the spatial frequency of 3.28
LP/mm. We hope this study will be helpful for the use of the CR imaging

system in mammographic imaging system in the future.

Key words @ mammography, modulation transfer function (MTF), noise

power spectrum (NPS), detective quantum  efficiency (DQE), image
quality evaluation
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