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Abstract

Objective evaluation, e.g. using MTF or NPS, of X-ray imaging system may not correctly correspond to subject evaluation,
e.g. using ROC. Moreover, it is difficult to measure MTF or NPS from clinical images. Therefore, we introduced MTF fractal
dimension to X-ray imaging system. The MTF fractal dimension includes frequency properties of human eyes in addition to
quantitative complexity. In this study, we conducted an observer performance study using chest X-ray images with subtle
simulated nodules, and also measured MTF fractal dimension from the same images. The measurement results of MTF fractal
dimension tended to be similar to the results of observer performance study. Therefore, we consider that MTF fractal
dimension may become an index of image quality in medical X-ray imaging system.
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Fig.1 Contrast sensitivity function (CSF) of human eyes.

(a)
Fig.2 Chest X-ray images used in this study.

(b)

(a) Low noise image ( 0 =1.0).
(b) High noise image ( ¢ =50.0).
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Fig.3 Measured MTF fractal dimension.
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Fig.4 Receiver operating characteristic (ROC)

curves obtained from observer performance

study.

BOPE LT B EEEBEREAIOAY X 25 0FE
WCDOWTIELLHBEITSZENTERENVWEZ S, F
o, MU A X VUV WT, RN AEEE
REEIT-TLEZA p<0.05 LR VEBERBD LN
7.

4. B8R

ZODERBERIY, ML/ A X VAR FN
EBIIEMIF 7 272NV KREDELEL Y, BREF
TR TRENZERHALNE R, REICA
ML) A4 X L_AUBRENEEIE MIF 75 7 Z VR
TOEMELS 2D, RAEFMTRE X2 T7HEL 2B
LHRE2B. ZoZ LIy, BISEERICLZE b
WEFME MTF 77 7 F VIRTEORIEIC & 554l T
F—EOBBRERD D LA RBRENT.

IV FOBRRICEVWEEL LT MITF 7527 #Z L
RTEHAVWDEDIZEBMRIEEXTo2. BEMIITIL,

-333-

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

SELTERBRMICBET A Z LR WREIZRDS. FEH
WXL CZE A L 2.0, 4.0, 8.0 cycles/degree % [H {8
{b L7z 2 Bl % Fig.5 (&7~ 9 . Fig.5(a)iX R ® &, Fig.5(b),
Fig.5(c), Fig.5()ix#nFnEMAE ML 2.0, 4.0, 8.0
cycles/degree 12375 MTF 75 7 Z VIRITD B ERE
BARmgitLzb0TH D, Fig.5(b), Figsd)D & 5
12, E hOBRO I bT RN EKEME O B IR $R5E B
TIEMIF 75 7 ZNVRITDENR20IZEVTZDEL L
OHEBGLEAEMMITES FHICA XD, —F T Fig.5(c)
DL e POERO2V M T A MERENFHVEEEK
FEICRO T, Sl A XBOEERENRE
WELTHETAZLENTEL. ZNOLORIEIZLY,
t FOREREIZEWTEMEZERE LT MTF 757 # v
RETEERATEZAMEMENRENTZLEEZLD.

5. fE 7R
BHIERTITVEETCHDL 7 I 7 ¥ VIRTICE B
DRFEDOEME B EZEBEE LI MTF 77 7 2L
(b) Kz ERXHKREGOBEETMIER L. ZORR,
' . B X AT 44 0 L T G 72 1B B IS B R B AT A
& MTF 7 7 7 Z VIR ORER R IR O EE 2R
Lic., ZHIZEY MTF 77 7 ZAREVER X HE
BOBEBFMO —HFEICRVELRRENRBI N

(c)
Fig.5 Images of MTF fractal dimension (MTF_FD) for each (4] ]”Er:/nsl;’:r)rlli taﬁléi H/s;rllal.anME?;er:t,injo‘ig:Iizlt’ lt\ﬁ(e)dcu)i)attiicoaq
frequency. Left images are with low noise ( o =1.0). Society of America, vol.57, pp.401-406, 1967.

Right images are with high noise ( ¢ =50). [5] J. Shiraishi, S. Katsuragawa, J. Ikezoe, T. Masumoto,

HbDEERD.
T. Kobayashi, K. Komatsu, M. Matsui, H. Fujita, Y.
Kodera and K. Doi, “Development of a digital image

C 3
AFRO—EITTHIE RS GP XBEX 0K+ =17
TEm®LE.

X #
, WTE, 7. ‘7772 10KRTICE
BELLOEEFME,” EFHERERES
%5, vol.J83D-1I, no.4, pp.1082-1089. April

V=Y
=

11

[1]

-,
=

X
5,
KR T
DFEHT &
1989.

[3] B —2Z, TLRAMB, HE -5, NIEZ, Eik
Wz, BEI1. BEROBE L I HME, BHEK
= (#), pp.208-213, FAAEJE, FH, 2007.

[2] WHE, AR “7F7 77 VKRE
%Jr%& EFRWEKEHEE NOAA B &

O FAm, " EHMFEFR, vol.31, pp.91-100,

B S iboc
RAWE S I2d

r\* iﬁu}t

(a) Original image.

(b) MTF_FD image at 2.0 cycles/degree. database for chest radiographs with and without a
(c) MTF_FD image at 4.0 cycles/degree. lung nodule: Receiver operating characteristic

- ) analysis of radiologists’ detection of pulmonary
(d) MTF_FD image at 8.0 cycles/degree. nodules,” AJR, vol.174, pp.71-74, 2000.
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