X ]

%III
W

BERICH TS/ A ZX/INT =AY MIVEH T ED LT

L R, BOZFEAT, PR Mk, il ot oKfE T
SIRKRFRFRESRER T920-0942 4R 4R /NLE 5-11-80

AR b rE ) T R B i R TR T 508-0011 I B IR g ) 11 v B3y 1522-1
PR H R B SR T I8 o e T ST A 8 T 910-1193 4@ H UL 75 F BB ACE R RTAA R T & H 23-3
T A I BT ORI B RS T 467-8602 44T B T A X R AR AT )17 1
(2008 4£ 1 H 5 B34S, 2008 45 H 19 HIR#&ZAT)

Calculation Methods for Noise Power Spectrum Measurement in Computed Tomography

Katsuhiro ICHIKAWA, Takanori HARA ", Shinji NIWA", Isao YAMAGUCHI" ", and Kazuya OHASHI" "

Graduate School of Medical Science, Kanazawa University, 5-11-80, Kodatsuno, Kanazawa, 920-0942, Japan
"Department of Radiology, Nakatsugawa Municipal General Hospital, 1522-1 Komaba, Nakatsugawa, Gifu, 508-0011, Japan
T *Department of Radiology, Fukui University Hospital, 23 Matsuokashimoaizuki, Eiheiji, Fukui, 910-1193, Japan
77" Department of Central Radiology, Nagoya City University Hospital, 1 Kawasumi, Mizuho-ku, Nagoya, 467-8602, Japan
(Received on January 5, 2008. In final form on May 19, 2008)

Abstract : We have investigated noise power spectrum (NPS) measurement methods suitable for current helical scanning
computed tomography (CT) including the multi detector-row CT. Three calculation methods applicable to current CT,
including two method for general digital X-ray imaging system, were examined. For the NPS measurement of CT, a
method using 2D-FFT combined with a radial frequency averaging and a subtraction technique for background detrending
process was reported in previous published papers. We employed this method (radial frequency method) excepting the
subtraction technique, because the subtraction technique could not perform successful detrending on the image by the
helical reconstruction. In addition, a one-dimensional method using numerical slit scanning (slit method), and the IEC
(International Electrotechnical Commission) method using 2D-FFT and a specified frequency bins (2D-method), that both
are frequently used for computed radiography (CR) and flat-panel detector (FPD), were employed. We also investigated
the appropriate order of the polynomial fitting used in the detrending. The results indicated that the slit method with the
numerical slit of 30-pixel height was well comparable with the 2D-method in accuracy and reproducibility, and the radial
frequency method had excellent reproducibility because the method needs the averaging of much data in all directions. But
shortcoming of the radial frequency method was clarified by noise measurements in peripheral-region with un-isotropic
noise property. Also, the linear detrending was enough for CT images with all methods. Therefore, respective methods
combining the linear detrending should be used selectively according to the purpose of NPS analysis and the level of
demanded accuracy.

Key words : computed tomography (CT), noise power spectrum (NPS), detrending, fast Fourier transform (FFT)
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Fig.1 Comparison of resultant NPSs for slit height of 10-40 pixels
on slit method and for 2D method. The used images were ten
simulated noise images with the similar frequency property
as typical body CT image.
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Fig.3 Change of fluctuation (standard deviation) of NPS values
for 10 noise images as function of the slit height in the slit
method. The fluctuation level for the 2D method and the
radial frequency method are also indicated.
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Fig.2 Comparison of resultant NPSs of the 2D method, the slit
method and the radial frequency method by using the
simulated noise images.
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Fig.4 NPSs for various detrending process by using 1 st-4 th order polynomial fittings with (a) the slit method, (b) the 2D method and

(c) the radial frequency method. The used noise images were obtained by actual two models of CTs. The results for non-
detrending were also compared.
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frequency method for peripheral-region images. The noise
images with 100 mm FOV were reconstructed at 100mm
offset position in x-direction. Due to the un-isotropic noise
property, three results differed.
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