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Abstract: 

 Purpose and Tasks: The purpose of this study is to apply the Noise Power Spectrum 

Analysis (NPSA) to images from a gamma-camera in the process of quality control and to 

evaluate the results. 

 Materials and methods: Test images for uniformity of the field from the weekly quality 

control of Diacam-Siemens gamma-camera were used as input resource. Differential and integral 

uniformity of the field of view were calculated during the tests. The same images were processed 

further with NPSA algorithms, implemented as software codes using Matlab 7.1. The percentage 

deviations of the image uniformity parameters were compared quantitatively with the results 

obtained from the NPSA. Then, mathematical relationship between these data was sought for. 

 Results and discussion: We observed five parameters (integral and differential uniformity 

of the UFOV and CFOV, and the quantitative estimate of the power noise spectrum), and we 

evaluated the system behavior for 16 weeks period of time. The graphical representation of all 

results clearly shows the uniformity behavior, where after the initial adjustment, it slowly starts to 

deviate from the original value and after the 8th measurement it reaches values above the 10% 

limit for non-uniformity. Followed by service maintenance, within the next measurements three 

of the parameters reach again this non-uniformity limit. The peek maximum in the graph is due to 

technical defect in the detector. At the end of the studied period, the gamma-camera has 

functioned with acceptable uniformity parameters. It was determined that the graph that 

represents the change in uniformity was similar to the one that showed the noise power spectrum, 

and they both show quadratic dependence. This is mostly due to the fact that the noise power 

spectrum is determined by the square of the complex function modulus, which is obtained after 



Fourier Transformation of the images. Тhe condition that the changeс in x-value (uniformity) 

cannot go beyond 100% is the reason of the asymptotic character of the function. 

 Conclusion: The noise power spectrum analysis technique applied to images is a useful 

tool for their evaluation in the quality control of gamma-cameras. When this technique is 

compared to other techniques for image uniformity control, it could be seen that the noise power 

spectrum analysis could give same results, and in some cases even more information about the 

main transfer properties of the system could be extracted. 
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Introduction 

The process of quality assurance for large field of view gamma cameras is usually based 

on tests where images representing the uniformity of a flood radioactive source are taken daily, 

weekly or monthly. The quality of the images from the flood tests is evaluated by calculating the 

percentage of the integral and the differential non-uniformity for the central field of view and the 

useful field of view. Large deviations in the percentage differences show deterioration of the 

capabilities of particular gamma camera to ensure a good diagnostic quality. Differences in the 

range of several percent are acceptable for operating with the equipment for clinical work. 

Fluctuations containing values above 10% level are usually taken as signs for some service 

actions. Small differences over time frame of several weeks could sometimes become a reason to 

overlook a defect in the detector part of the gamma cameras. Noise Power Spectrum Analysis 

could play a substantial role in the evaluation of the image quality in the process of Quality 

Assurance. 

 

Materials and Methods 

Test images obtained from intrinsic flood checks for a Diacam Gamma Camera System – 

Siemens, installed at the Dept. of Nuclear Medicine, Medical University, Plovdiv were used to do 

the evaluations in this study. First, the images were processed to find their Integral and 

Differential uniformities (IU, DU) for the Useful and Central field of view (UFOV, CFOV), 

respectively (5). As an example, two images are given on Figure 1(a,b), where the image on the 

left has better uniformity, while the image on the right has darker areas due to unadjusted 

photomultiplying tubes (PMTs) (1).   



                     
        a           b 

Figure 1 Images taken during the gamma camera image quality follow-up. 

 

In the process of study the gamma camera was observed for 16 weeks and test flood images were 

taken weekly. The images acquired total number of 107 counts, stored in 256x256 matrix in ACR 

NEMA 2 format. As a radioactive source to obtain the flood images, 99mTc was used with activity 

of 100-200 µCi (3.7-7.4MBq), placed at distance 3 - 3.5m from the detector plane. 

Further, the Noise Power Spectrum Analysis (NPSA) (6) is applied to evaluate the 

relative image quality degradation compared to the percentage differences for the IU and DU. 

NPSA method is based on the calculation of the noise from a signal power spectrum. The power 

spectrum itself is obtained using the Discrete Fourier Transformation (DFT). In a single 

dimension for continuous function x(t) the Fourier Transform is given by the equations: 
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for the time and frequency domain t and ω (2,3). In the discrete space these equations can be 

written as: 
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The images could be represented as functions in the two dimensional space (8) and, thus the 

transformation equations will become: 
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If a discrete form is chosen to represent the image I, then its function will be given with: 

( , ) ( ( ), ( ))I x y I x n y n=  where 1, 2,3...n N= and x and y are the pixel coordinates. To 

calculate the transformation of the image, the algorithm for Fast Fourier Transformation (FFT) is 

used and its mathematical expression is: 
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where ω1 и ω2 are the spatial frequencies of the image I, transformed from the arguments х and у 

using the relation 
2 2
T N
π πω = → . From the last transformation the image spectrum could be 

obtained by finding its module (4), and for the power of the spectrum could be written:  
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The graphical presentation of [5] gives the power distribution of the signal along the spatial 

frequencies. The averaged integrated value over dω1 dω2, gives quantitative expression for the 

power spectrum: 
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The NPS of the image is calculated on the following base: the image represents a 2D 

signal with certain amplitude. The variations from this value are considered as noise. To separate 

the signal from the noise the average was found along the whole image, and subtracted from the 

individual pixel value. Thus, the noise is represented as variations along the zero line. To find the 

NPS first FFT from [4] is applied to the image, and then the module [5] is calculated from the 

obtained complex matrix I. The NPS is finally calculated by summing the power for each spatial 

frequency [6] and averaging by the total number of frequencies (pixels), according to:  
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The implementation of the above algorithm and the entire data processing was done using Matlab 

7.1 software package from Mathworks Inc. All image files were converted from ACR NEMA 2 

format into RAW data format and the further processing was done by specially written functions 

and procedures. The results were plotted to find relationship between the IU and DU percentage 

values and the values from the NPSA. 

The Noise Power Spectrum analysis, as well as analysis using Fourier transformation is widely 

used for image evaluation and is applicable in the quality assurance of the medical imaging 

systems. They are useful methods for estimation of image characteristics, such as point and line 

spread functions and modulation transfer function (7,9). 

 

Results and discussion 

After the test images were gathered over a period of 16 weeks (September 2007 – 

February 2008), all of them were processed following the order shown schematically on Figure 2 

(9). The values characterizing the NPS were then calculated for quantitative analysis. They are 

presented in Table 1 together with the other parameters for the differential and integral 

uniformity for central and useful field of view. 

 

 



 
Figure 2 The steps in the process of calculating the NPS (9). 

             

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Differential and integral uniformity percentage differences and NPSA values. 

IU (UFOV) DU (CFOV) IU (UFOV) DU (CFOV) │P(ω)│2 
 % % % %   

6,99 5,92 4,18 2,6 8.46×107 
6,56 5,5 4,1 4,02 8.42×107 
7,69 7,46 4,1 4,1 9.21×107 
8,35 5,42 4,42 3,99 11.75×107 
7,43 7,33 5,09 3,68 8.88×107 
8,09 8,09 4,56 4,42 11.9×107 
8,48 6,9 4,55 4,34 12.6×107 
11,06 10,54 6,54 5,21 13.7×107 
10,21 9,05 6,23 5,53 13.1×107 
11,3 10,31 8,42 7,4 13.9×107 
13,79 11,86 10,16 9,05 47.5×107 
4,69 3,88 2,83 2,4 3.39×107 
9,04 6,12 5,44 4,5 8.22×107 
16,24 16,24 7,75 7,75 64.4×107 
8,25 8,16 4,8 4,69 9.88×107 
8,1 7,72 5,24 4,11 9.43×107 

Initial Test Image 

I(x,y) DI = I(x,y) – Ī(x,y) 

Noise from the Image 

 {modFFT[DI]}2 

Noise Spectrum 

mod{FFT[DI]}  

Noise Power Spectrum 



The data from Table 1 were plotted on Figure 3 and Figure 4, from where the behaviour of the 

system can be evaluated as function of the uniformity percentage values and the values from 

NPSA. The values trend indicated the occasions when service action should be undertaken and 

         
Figure 3 Integral and differential uniformity values followed-up over 16 weeks period. 

 

          
Figure 4  NPSA values followed-up over 16 weeks period. 



 

illustrated the outcome of such action afterwards. The particular results from the NPSA followed 

the changes of the uniformity percentage differences in the same manner and this suggested a 

certain mathematical relationship between these two groups. On Figure 5 these values were 

plotted against each other and approximated by a quadratic function. 

 

                            
Figure 5 Distribution of the NPSA values against the values from the integral uniformity (IU). 

 

It was expected that the relationship between these data will be a curve of higher order. The type 

of the curve is mostly due to the fact that Noise Power Spectrum is determined by the module of 

the complex Fourier transformation function of the image, raised to the power of 2. On the figure, 

it should be noted that larger differences in the NPS values appear in the area above 10%, which 

could be used as effective tool in the quality assurance procedures of imaging devices. 

 

Conclusions: 

The methods using Fourier Transformation and Noise Power Spectrum Analysis are 

useful tools for image evaluation in the process of quality assurance. The NPSA gives also the 

advantage for graphical presentation of the data for comparison with data from other methods, 

such as the uniformity evaluation. Using their mathematical relationship reveals the opportunity 



for long-term follow up of the medical imaging systems and to compare the medical equipment 

from different manufacturers and generations, as well as the equipment behavior at different 

stages of its period of operation. 
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