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Abstract—This paper presents Dobbin’s method to 

estimate the noise power spectrum using a screen film system. 

The one-dimensional spectral estimate was obtained by 

extracting thick and thin slices from two-dimensional noise 

power. The slices were made parallel to the primary axis of 

ROI, but did not include the axis. We measured NPS using 

one slice, two slices, four slices, eight slices,upper eight slices 

(a) and eight slices (b) of data in the 128×128 two-dimensional 

NPS space which were extracted to generate the one-

dimensional NPS curves in horizontal and vertical directions 

and they were compared with Dobbin’s method. Very little 

was found in the NPS shape with regards to the two-

dimensional space only and the slice which contained one row 

and one column was sufficient to study NPS in the two-

dimensional space 

Keywords—X-ray, Noise power spectrum, screen film 

system, fast Fourier transform 

I.  INTRODUCTION 

The noise power spectrum (NPS) is an important 

concept that has been widely accepted for quantitative 

evaluation of image quality both in clinical practice and in 

research. The radiographic noise may be calculated from the 

Fourier transform either of the autocorrelation function (the 

indirect method) or from the square of the modulus of the 

Fourier transform of the data itself (the direct method) [1]. 

Screen film system has been used in conventional radiography 

examinations by capturing the pattern of x-rays transmitted 

through a patient. Recently, however, as problems with screen 

film based medical imaging systems have become clearer, 

improvements in digital radiography (DR) technology have 

been researched to resolve such problems [2]. There are 

several digital radiography systems, which include computed 

radiography (CR), flat panel detector, and charge coupled 

device (CCD) based systems [3]. The Wiener spectrum (WS) 

represents the noise power spectrum in an image as a function 

of spatial frequency. It, therefore, represents the relationship 

between noise and spatial resolution [4, 5, and 6]. Wiener 

spectrum (WS) provides the means of characterizing image 

noise and plays a central role in the ultimate measuring of 

image quality. The noise in images is recognized as an 

important factor in determining image quality. Image noise 

may be characterized by the WS or the noise power spectrum 

(NPS) [7]. To evaluate the detector’s performance, one must 

calculate the quantitative values of image acquired by digital 

x-ray detectors such as a noise power spectrum (NPS), 

modulation transfer function (MTF), noise equivalent quanta 

(NEQ), and detective quantum efficiency (DQE) [8].  This 

study focuses on the noise power spectrum using only 

Dobbin’s method. 

As far as the indirect method (slit synthesis method) 

is concerned, noise properties were studied in the spatial 

domain by Doi (1966) [9], Wagner (1977) [10], Sandrik and 

Wagner (1981) [11], Doi (1986) [12], Koedooder (1986) 

[13], Cowen and Workman (1990) [14] and were developed 

by Wan (2001) [15]. The current study deals with NPS in 

frequency domain, a direct method which was used to 

compute the total 2-D NPS. Two main reasons for computing 

the entire 2-D NPS are important. First, numerous artifacts in 

2-D NPS were found that would not have been found if a 

one-dimensional version had been computed using the slit 

synthesis method. Second, only a finite amount of image 

noise data was available for use in order to produce the best 

estimate of true NPS (Dobbins III, 1995) [4]. NPS 

computation has been based on the work of Dobbins, 

Williams (1999) [16], Suryanarayanan (2004) [17], Park 

(2008) [18], Lazzari, (2007) [19] and Zhang (2008) [20]. On 

terms of comparison between the method of Wagner (indirect 

method) and Dobbins to measure the NPS of medical 

imaging system, the two methods agree on the practical value 

of noise power spectrum between10
-3

-10
-6

 mm
-2

 over the 

spatial frequency range 0-10 mm
-1

.It was found that 

Dobbins’s method was easier to implement for studying the 
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NPS [21]. The NPS measurements were compared as one 

slice, two slices, four slices, eight slices upper, eight slices (a) 

and eight slices (b) of data in the 128×128 two-dimensional 

NPS space which were extracted to generate the one-

dimensional NPS curves in the horizontal and vertical 

directions. There was very little difference in the NPS shape 

with regard to the two dimensional space only. We found that 

the slice contains one row and that one column was sufficient 

to study NPS in the two-dimensionalspace. 

II. DOBBIN’SMETHOD 

A Kodak Lanex Regular TMG screen-film system 

(SF) was used for measurement. Image A3.bmp was 

prepared by exposing the Kodak Lanex Regular TMG 

screen –film with 80 kVPX-ray, with a 16 mm thick 

aluminum filter affixed to the X-ray tube window. The 

focus-to- film distance was 1.5 m. The analog image is a 

spatially varying signal in a plane. It can be expressed as a 

function of a continuous variable such as (x, y), 

representing a two-dimensional position in the image.  

Optical density distribution in a radiographic film is an 

analog image. In this work, the image A3.bmp is a 

digitized image obtained from analog images by scanning. 

The uniform background area of the film was scanned 

using a microdensitometer. This scanning gave the image 

A3.bmp. The size of the scan was 1000×1000 pixels 

corresponding to a physical area of 1.25 cm by 1.25 cm and 

978-590 pixels corresponding to a physical area of 1.22 cm 

by 0.74 cm (see Table 1). 

 
Table 1: Detailed information on the image used in this 

research. 

Name Image 

System 

Image Size 

(cm) 

Digital 

Matrix 

Pixel Size 

A3.bmp SF 1.25×1.25 1000×1000 12.5µm 

 

After the image is read, the pixel value is converted to 

optical density before the data is processed by the NPS 

routine.  A 978×590 pixel region of interest ROI was 

cropped and used in computing the average image. 

Calculation of number of segments available was done in 

order to calculate the mean density of ROIS using the 

following equation: 

Difference image(x, y) =image(x, y)-average image(x, y)  (1) 

 

Non-overlapping 128×128 ROIS were chosen from 

one image to obtain many ROIS for each acquisition 

combination. These ROIS were used in computing the 

ensemble average of squares of magnitude of Fourier 

transformed images, and the raw NPS was estimated as 

described by Dobbins III. (1995). 

 

yxNN

yximagedifferenceFFT
vuNPS

2|),((|
),(  (2) 

 

where∆xand ∆y are the pixel pitch inx andydirections, 

respectively, (∆x= 12.5 µm, ∆y=12.5µm),Nxand Ny are the 

number of elements in thex and y direction 

respectively,Nx=Ny=L=128.Then, the normalized NPS 

(NNPS) was obtained using thefollowing equation 

 

2

),(

L

vuNPS
NNPS                                      (3) 

 

One-dimensional NPS in horizontal and vertical direction 

was obtained by averaging 4 slices on either side of the 

horizontal axis and 4 slices on either side of the vertical 

axis of the 2-D NPS as in Fig.1. 

 
Fig.1 Slices used to generates horizontal and vertical 1-D NPS. 

 

 

II. METHODOLOGY 

 

Notably, in the context of the evaluation of slice 

method, 1-D spectral estimate has been obtained by 

extracting thick and thin cuts from the 2-D noise power 

spectrum. The cuts are made parallel to the primary axis, 

but do not include the axis, in order to avoid low-frequency 

trending effects. To evaluate this approach for analysis of 

the noise power spectrum, we use in this study one cut 

along the primary v axis and one cut along the u axis.  

A. One slice adjacent to axis 

Fig.2 illustrates the row 1 and column 1' slices 

which are adjacent to u and v-axis respectively in order 

to measure the one-dimension NPS in horizontal and 

vertical directions. The NPS values were measured using 

image A3.bmp, pixel size 0.0125 mm, Fourier length 128 

with non-overlapping 28 sub_ROI of 978×590.   

 

The 2D-NPS curve is obtained by taking the 

average of horizontal and vertical 1D-NPS with spatial 

frequency defined as  
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Fig.2Slices used to generate horizontal and vertical 1-D NPS. 

B. Two slices adjacent to axis   

We choose two rows of NPS data (1, 2) above u 

axis on the left and the right axis and two columns (1', 2') 

just adjacent v axis as in Fig.3. These rows and columns 

NPS data are used to generate 1-D and 2-D NPS curves.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3 Two rows (1, 2) and columns (1', 2') were used to generate 

horizontal and vertical 1-D NPS. 

 

C. Eight Slices upper u-axis 

Four rows (1, 2, 3, 4) and four columns (1', 2', 3', 4') of 

data just above the u axis were in the 32×32 two-

dimensional NPS space and were extracted to generate 1-D 

NPS curves in horizontal and vertical directions  by 

averaging the NPS values of the 4 rows and 4 columns as in 

Fig.4. A 2-D NPS is defined by averaging the horizontal and 

vertical 1-D NPS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Rows and columns, data used to generate horizontal and vertical 1-D 
NPS. 

 

D. Eight adjacent lines 

Figs. 5 (a) and (b) show the eight rows (1, 2, 3, 4, 

5, 6, 7, 8) and columns (1', 2', 3', 4', 5', 6', 7', 8') of data in 

two cases of 128×128 two dimensional NPS spaces that 

were extracted to generate the 1-D NPS curves in the 

horizontal and vertical directions. 

 

 

 

 

 

 

 

 

 
Fig.5 Eight slices used to generate vertical and horizontal 1-D NPS in two 

different cases. 

 

IV. RESULTS AND DISCUSSION 

A. Comparison of NPS Esitmates from Different Slices 

 One line, two lines, four lines, eight lines upper, eight 
lines (a) and eight lines (b) in Figs (1,2,3,4, and 5) of data 
in the 128×128 two-dimensional NPS space was extracted 
to generate the one-dimensional  NPS curves in the 
horizontal and vertical directions sections. There was very 
little difference in the NPS shape with regard to the two- 
dimensional space as shown in Fig.6. 
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1 
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Fig. 6 2D- NPS values for the different slices. 

Fig.7 shows the one-dimensional NPSs in the horizontal 

direction. We found that the NPS curves dropped gradually 

until to the frequency 10 mm
-1

 in addition the NPS curves 

for one,  two lines, four lines were identical in horizontal 

direction, but different in the vertical direction as shown in 

Fig.8.   

B. Normalized Noise Power Spectrum 

The NPS is most commonly computed directly 

from the squared Fourier amplitude of two-dimensional 

image data using Equation 2.  Conventionally, the Fourier 

transform is normalized by dividingNx,Ny. HereNxandNy are 

the number of pixels inx and ydirections. Often, the noise 

power spectrum is normalized further by dividing it with a 

large area signal squared as follows: 

 

 
2)signalarea  large(

),( vuNPS
NNPS  (5) 

 

 
 

Fig.7 1-D NPS (horizontal) values for the different slices. 

 

 

 
 

 
Fig. 8 1-D NPS (vertical) values for different slices. 

The large area signal is a measure of the gain of the system 

(i.e. what value is recorded for a particular exposure 

incident on to the system). It is measured in the same units 

as the data used to determine NPS. The signal level may 

vary from one ROI or image to another, NPS was 

normalized to the mean image squared (Large area signal) 
2 

or (L
2
), computed for the ROI was used to eliminate the 

direct effect of signal variation, with the result, NPS/L
2
, 

referred  to as the normalized NPS [22]. This normalization 

was done by averaging 28 non-overlapping segments of 

image A3.bmp. The two-dimensional normalized NPS was 

converted into a one- dimensional normalized NPS along 

horizontal and vertical directions by averaging the two-

dimensional data over four lines above and four lines 

below the horizontal axis and four lines to the right of and 

four lines to the left of the vertical axis, respectively. Fig.9 

shows the normalized NPS curves. 
 

 

Fig. 9. Normalized 2-D NPS taken from 4 slices adjacent to the u and v- 

axis. 
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C. Overlapping and Non-overlapping ROI 

 

 Fig. 10 shows the overlapping blocks with an overlap of 
4 points in thex direction. Each 4-by-8 block has 4 columns 
which overlap in thex direction. 

 

 

 

 

 

 

 

 

 

Fig.10. Image divided into distinct blocks with specified overlaps. 

The overlapping and non-overlapping subgroup of a 978 

×590 image matrix of A3.bmp were 64×64, 128×128, and 

256× 256, respectively. Asfar as the radial two-dimensional 

NPS of the 64×64 ROI with overlap and no overlapis 

concerned, there was a small difference in the NPS 

estimate. For the 128×128 ROI, it was found that no 

difference existed in the NPS curves. In this particular case, 

the larger ROI size demonstrated the worse results of 

measurements as in Fig.11. It was found that more 

fluctuations existed in the NPS curve when the ROI size 

was large. 

 

 
Fig.11NPS values for the 256×256size of overlapping and non- 

overlapping ROI. 

 

 D. Size of Region of Interest ROI 

 An increase in the size of the ROI will tend to reduce the 
number of segments as well as change the area under the 
horizontal and vertical NPS curves. The volume under the 
2-D NPS does not change. For example, Fig.12 shows the 
choice of ROI from image A3.bmp. Fig.13 shows the effect 
of the smaller ROI size (32×32 pixels) in the calculation 

upon the NPS. Generally, when ROI is small, the curves 
are smoother in the one and radial two-dimensional 
directions. When plotting the total two- dimensional NPS 
in the surface plot (3-D), the highest peak is clear in Fig.14 
and become sharper when the ROI size isincreased 

 

 

 

 

 

 

 

 

 

 

 

Fig.12. Choice of ROI from original Image A3.bmp. 

Fig.15 illustrates thefactthat, the bigger the ROI size 
(256×256), the greater the fluctuations which exist in the 
NPS curves in radial two-dimensional and one-dimensional 
and vertical directions.Fig.16 shows the final overall 
comparison of ROIS 32×32, 64×64, 128×128, 256×256 
sizes, in which it was found that the NPS curve was higher 
compared to other curves. 

 

Fig.13 1-D NPS horizontal, vertical and 2-D NPS values for 32×32 ROI. 
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Fig. 14 Meshz plot of 2-D NPS for 32×32 ROI. 

 

 

Fig.151-D NPS horizontal, vertical and 2-D NPS values for 256×256 ROI. 

 

Fig.16 Comparison of the NPS values for various ROI sizes. 

 

 

 

 

 

E. Aradial symmetric NNPS 

 

 A radial symmetric 2-D NNPS of the ROI in 

rectangular coordinates was calculated and the total 2-D 

NPS was determined as it is a square module. The final 2-D 

as the ensemble average was derived for every frequency (u, 

v) as an arithmetic. The average of all available ROIs was 

calculated. 1-D NPSs can be obtained using the different 

methods which we suggested in section III and other 

methods used by Dobbins [4], [23] and [24]. In this case, 

we used 4 lines as in section II to calculate 1D- 

NPS(Vertical and Horizontal directions) and2D- NPS (u, 

v). The frequency value (wij) was computed from Equation 

4 and the interval sampling frequency (0.6250mm
-1

). 

 

As a numerical example, the functions of spatial 

frequency variable u are now evaluated at discrete 

frequencies given byu=k∆u,k=0, ±1, ±2, ±3 ….The 

maximum spatial frequency sampled, the Nyquist 

frequency, isun=1/ (2dx) =40mm
-1

, wheredx=0.0125mm, 

Fig.17 shows a set of radial symmetric NPS curves. A 

radial two-dimensional NPS represents a part of the total 

noise power spectrum in an image. The total 2-D NPS is 

represented in the imaging systems by mesh plot (surface), 

with Fig.14 showing the total noise power spectrum in 

image A3.bmp. 

 

III. CONCLUSION 

 

By Dobbins's method, the entire 2-D NPS was 

calculated from the square modulus of the Fourier 

transform of the data itself (the direct method) according to 

equation 2.  The one- dimensional NPS was obtained by 

extracting slices from 2-D noise power spectrum, with the 

slice made parallel to the primary axes. One line, two lines, 

four lines, eight lines of data in the 128x128 two 

dimensional NPSspaces were extracted to generate the one-

dimensional NPS curves in the horizontal and vertical 

directions.  It was found that there is no 

 

 
 

Fig.17 A setof radial symmetric NPS values, 2-D and 1-D horizontal and 
verticalvalues. 
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difference in the radial two-dimensional NPS shapes for 

different lines. The normalized NPS (NNPS) was obtained 

using Equation4 in keeping with the work of Dobbins III 

(1995). The overlapping and overlapping ROIs for 64×64, 

128×128 and 256×256 were at pixel value 0.0125 mm, 

whereas, for the smallest ROI, there was a small difference 

in the NPS curves. For the 128×128 ROI size, there was no 

difference in NPS curves while in the bigger ROI it was 

found that the NPS curves had more fluctuations.  In the 

last section, we explained the difference between the radial 

two-dimensional NPS and the total 2-D NPS. 
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