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1 Introduction 
 
Since the end of the 1900th century ionized radiation, foremost X-ray radiation, 
have been used, with great success, within the medical field as a method for 
diagnostics as well as for therapeutically treatments. When it comes to X- ray 
diagnostics, the analogue film, detector and display medium have, in principle, 
been used the whole time. This is now rapidly changing, in a way that makes 
digital detectors dominate instead. 
 
Within the area of medical treatment, this means that methods must progress and 
be developed to measure and secure the quality of the imaging systems in a quick, 
easy and accurate way. 
 
The ability of the imaging system to reproduce the measured objects in a natural 
manner can be characterized by a number of different parameters such as; ESF 
(Edge spread function), LSF (Line spread function), MTF (Modulation transfer 
function), NPS (Noise power spectrum), and DQE (Detective quantum 
efficiency). These parameters can be received for each detector through 
experimental measurements of a sharp edge. 
 
The starting point of the project is the suggestions that are stated in the standard 
form IEC (622 20-1) determination of detective quantum efficiency, which was 
published by the end of 2003. 
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1.1 Purpose of the project 
 

• Construct a test object (phantom) that can generate a sharp edge in the X- 
ray image.  

• Develop a program code in the high-level language MATLAB for 
determination of earlier mentioned parameters, MTF and DQE in 
particular. 

• Work out radiation geometry, suitable for the purpose. 
• Verify the usability through practical measurements on already existing 

clinical equipment at the hospital in Blekinge. 
• Study the effect of radiation energy, dose of radiation, detector direction, 

spatial frequency, variation of sampling of the edge spread function (ESF), 
etc. 

• Compare gained results with relevant literature. 
  

The practical meaning of the present case project is to: 
 

• Make a clinically usable method for the quality safety of digital, medical 
X- ray equipment available at the hospital in Blekinge. 

 
• Transfer, from the hospital in Blekinge to the Blekinge Institute of 

Technology, competence within medical radiation physics and medical 
technology, which could be interesting since the University is considering 
increasing their commitment within this area. 

 
• The method can be spread within the informal co-operation, concerning 

medical radiation physics that is present within the hospitals outside the 
University districts in the southern region. 
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1.1.1 History of X-rays 
 
The history of X-ray starts with Sir William Crookes (1832- 1919) when he 
developed the Crookes tube in 1876. The pressure inside the Crookes tube was 
reduced to the point that cathode rays shot straight across the tube and hit the 
opposite wall, causing it to glow with a greenish fluorescence. He noticed that 
wrapped and unexposed photographic plates left near his tubes became fogged, 
but he didn’t understand why this happened.  
 
In 1895 William Conrad Roentgen was experimenting with the Crooks tube at the 
University of Wurzburg in Germany when he discovered that when high speed 
electrons, accelerated by a high voltage in a vacuum tube, are allowed to strike a 
glass or metal surface inside the tube they cause fluorescent minerals to glow and 
photographic film becomes exposed. Roentgen accredited these effects to a new 
type of radiation. They were given the name X-rays after the algebraic symbol x, 
meaning an unknown quantity.  
 
The speed of the cathode particles also affects the penetrating effect of the X-rays. 
X-rays are a form of invisible, highly penetrating electromagnetic radiation with 
much shorter wavelengths and for that reason has higher frequency than visible 
light. Scientists eventually realized that X-rays are produced when high-energy 
electrons from a heated filament cathode strike the surface. 
 
Roentgen was an experimentalist. He experimented with different ideas and 
combinations of effects in order to understand what was happening, rather than 
forming a hypothesis from what was already known and then trying to confirm it 
in his laboratory. Therefore he used photography to capture pictures of the effects 
of different experiments he undertook with the cathode rays of the Crookes tube 
on different substances.  
 
This was possible since photography is the art of capturing different amount of 
light as they impact on surfaces and substances, and Roentgen was interested in 
understanding this new form of creating fluorescent light on objects that were 
several feet away from the source of the energy. Roentgen explained his scientific 
process by saying “I didn’t think I investigated” but of course he was “playing 
around” with different techniques and technologies that had been developed in the 
later years of the nineteenth century.  
 
Using a form of Crookes tube that had been adapted by his colleague Philip 
Lenard at the University of Wurzburg, he found that X-rays enter through some 
materials better than through others and after a few weeks he presented the first 
X-ray photograph of his wife’s hand. This photograph started the era of radiology.  
 
In 1901 his work gave him the Nobel Prize in Physics. 



1.2 From Crooks tube to CRT 
 

1.2.1 Cathode ray tube (CRT) 
 
An important device that makes use of voltage, and that allows us to “visualize” 
voltages in the sense of displaying graphically how a voltage changes in time, is 
the cathode ray tube (CRT). CRT is used in graphic instrument like television 
sets, oscilloscopes and computers etcetera. The operation of a CRT depends first 
of all on the phenomenon of thermionic emission, discovered by Thomas Edison.  
 
How does thermionic emission occur? 
     
You need to consider two small plates (electrodes) inside an evacuated tube to 
which a potential difference by a battery is applied (figure 1). The negative 
electrode is called cathode and the positive anode. If the negative cathode (the 
filament in the figure) is heated so that it becomes hot and glowing, it is found 
that negative charge leaves the cathode and flows to the positive anode. These 
negative charges are now called electrons, but originally they were called cathode 
rays since they come from the cathode.  
 

 
 

Figure 1. Cathode ray tube 
 
The production of X-rays today is done in a tube (figure 2) alike to Roentgen’s, 
using voltages of typically 30kV to 150kV. Research of X-rays indicated that they 
were not charged particles such as electrons, since they could not be deviated by 
electric or magnetic field. It was suggested that they might be a form of invisible 
light. Around 1912 Max von Laue suggested that if the atoms in a crystal were 
arranged in a regular array, such a crystal might serve as a diffraction grid for 
very short wavelengths on the order of the spacing between atoms, estimated to be 
about 10-10m (=10-1nm). Today, X-rays are recognized as electromagnetic 
radiation with wavelengths in the range of 10-2nm to 10nm, the range easily 
produced in an X-ray tube. Since X-rays have much shorter wavelengths than 
visible light, in principle they should offer much greater resolution.  
 
 
However, there seems to be no effective material to use as lenses for the very 
short wavelengths of X-rays. There is a clever but complicated technique of X-
ray diffraction (or crystallography) that has proved very effective for examining 
the microscopic world of atoms and molecules. 
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1.2.2 The X-ray tube   
 
Electrons emitted by a heated filament in a vacuum tube are accelerated by high 
voltage. When they strike the surface of the anode, the “target”, X-rays is emitted. 
  

 
 

Figure 2.  X-ray tube 

 

1.2.3 X-ray imaging  
 
For a medical X-ray photography, the X-rays emerging from the tube (figure 2) 
pass through the body and are detected on photographic film or a fluorescent 
screen. The rays travel in straight lines through the body with minimal deviation 
because X-ray wavelengths have little diffraction or refraction. The difference in 
absorption by different structures in the body is what gives rise to the image 
produced by the transmitted rays. Where the body has less absorption the 
transmission is greater and the film will be darker. The image is, in a sense, a 
“shadow” of what the rays have passed through.  

Within months of Roentgen’s discovery, X-rays had already become a powerful 
tool for medical diagnosis and they have remained so to this day. However, many 
technical advantages have been made over the years but the basic principle of 
normal X-rays have not changed significantly. 

 

 6
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1.3 Why use a digital system 
 
As mentioned earlier in the report the use of digital systems is increasing. A 
number of reasons for this increased use is given below.   
 
The security  
 
The measurement will proceed without unnecessary radiation. The digital X-ray 
system lowers the necessary radiation dose by 90% compared with conventional 
X-ray film.    
 
Quickness  
 
Digital X-ray gives instant pictures. This means that no time is wasted in the 
developing room.  
 
Better 
 
Digital X-raying is precise at the same degree as conventional X-ray film. After 
being transferred to the computer, the image can be magnified up to 300 times it’s 
original size and thereby visualize details that film can’t, the colors can be 
adjusted and the image quality improved to make concealed problems appear.   
 
More intelligent 
 
Digital X-raying consumes neither film nor chemicals; therefore it is an advantage 
to the environment.    

1.3.1 Detectors 
 
The two basic medical x-ray techniques are film/screen radiography and image 
intensified fluoroscopy. There are now in use many digital based technologies 
which are potential replacements for these conventional methods. The advantages 
of digital radiology include: 
 

• Making possible new clinical applications e.g. digital subtraction 
angiography where overlying anatomy is eliminated from images of the 
arterial system.  

 
• Providing the opportunity to incorporate new (improved) radiological 

detection concepts e.g. replacing phosphors with Photoconductors to 
permit higher DQE at all spatial frequencies. 

 
• Facilitating the optimal utilizations of image information by image 

processing e.g. edge enhancement. 
 

• Improving image storage and retrieval locally and facilitating remote 
review e.g. teleradiology. 

 
• Facilitating comparison with images from other modalities like 3-D image 

fusion.  
 



• Allowing computer aided diagnosis like detection of clusters of micro 
calcifications indicative of cancer.  

 
In order to take advantage of these possibilities it is desirable to think in terms of 
a fully integrated imaging system which permits immediate review of images and 
elimination of carrying cassettes from the examination room to the processor. The 
flat panel, self scanned amorphous selenium detector is such an example and the 
concept is shown in Figure 3.  
 

 
Figure 3.  Detector flat panel 

 
The advantages of this concept can be generalized in two areas: 
 

• The self-scanned readout method based on the use of active matrices as 
shown in Figure 4, which is a new technology for making very large area 
integrated circuits.  
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• The thin film transistors (TFTs) can be self-scanned by activating the 
horizontal gate lines one-by-one. It is possible to use this concept both for 
radiography and fluoroscopy at a readout rate of 30 frames per second or 
more.  

 
 
 
 
 
 
 
 
 
   

 
Figure 4. X-ray imaging flat panel self-scanned systems based on active matrix technology: Cesium Iodide Scintillator 

(left), Amorphous Silicon Matrix (right) 
 
The direct detection of x-rays is obtained by replacing phosphor as the primary x-
ray transducer with an electrostatic detector such as a photoconductive layer. The 
advantage of using an electrostatic detector rather than a phosphor screen (the 



basis for conventional screen/film systems) or CsI is a higher resolution, which is 
shown in Figure 5. The lateral spread of light in the phosphor screen is controlled 
by scattering and hence blurring is proportional to the thickness of the screen 
(Figure 5 left).  
 
Thus there is a trade-off between high quantum efficiency which requires a thick 
screen and high resolution which demands a thin screen. This loss can be 
alleviated by using a CsI layer grown in the form reminiscent of a fiber optic 
(figure 5 middle), however the separation between fibers is created by cracking 
and as a result the channeling of light is not perfect.  
In contrast, x-rays interacting in an electrostatic detector release charge carriers 
(electrons and holes) which are drawn directly to the surfaces by the applied 
electric field as shown in figure 5 right. The image is therefore not significantly 
spread even if the plate is made thick enough to absorb essentially all the x-rays 
incident on it.  
 

 
Figure 5. Comparison of the physical processes involved in production of an x-ray image using a phosphor screen 
(left), CsI (middle) and an electrostatic detector (right). 
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1.4 Line-spread function (LSF)  
 
The Line Spread Function is used to determine the spatial resolution of an 
imaging system. The LSF of the system is the image of an ideal line. Profiles can 
be drawn orthogonally to the line, through the line image, and the width at half 
maximum of these profiles defines the resolution at a specific point in a specific 
direction.  

 

1.4.1 Edge spread function (ESF) 
 
The Edge Spread Function (ESF) is used to get the spatial resolution of an 
imaging system. The ESF of a system is the image of an ideal step. The ESF is 
directly linked to the line spread function (LSF). To get the LSF function you 
need to do the first derivative of the ESF.  

1.4.2 Modulation transfer function (MTF)  
 
The estimation of Modulation transfer function in digital radiographic systems 
may be defined by several parameters. An estimation limit may be defined by 
Nyquist frequency, which is easily calculated from the pixel spacing, 1/ (2 x pixel 
spacing). A parameter that does carry information about the signal contrast is the 
Modulation Transfer Function (MTF), which may be used as a measure of 
sharpness. The MTF describes the amplitude or relevant contrast by which sine 
functions of different frequencies are moderated by an imaging system. A MTF 
value of 1 indicates that the full amplitude is transferred by the imaging system, 
while a MTF value of 0 indicates that no signal at all is transferred. One 
dimensional MTF may be calculated from the Line Spread Function as the 
absolute value of the Fourier transform of the LSF, when the LSF is known. The 
definition of the MTF presupposes that data is measure continuously. In this 
thesis we have only worked with one dimensional MTF. Since digital systems 
have pixels, data are sampled discretely.  
 

1.5 Noise power spectrum (NPS)  
 
Noise may be quantified as the Noise Power Spectrum (NPS). The two 
dimensional NPS may be computed over an area in an image, as the modulus of 
the Fourier transform of the suitable exposure dived by the area. Noise Power 
Spectrum has the dimension of area and describes the average area occupied by 
individual photons per area unit, usually mm2. A one dimensional NPS can be 
calculated employing rotational averaging of the two-dimensional NPS.  
 

1.6 Detective Quantum Efficiency (DQE) 
 
The detective quantum efficiency is a very useful description of an X-ray imaging 
system. It describes the overall Signal to noise Ratio performance of the system. 
Like in the formula, the DQE is defined as the ratio of SNR2 output divided by 
SNR2 input of the system.  



DQE = SNR2out / SNR2in   Equation (1.1) 

 
The Modulation transfer function describes how good an imaging system can 
process a signal and Noise power spectrum describes the noise level in an 
imaging system. If you have MTF and NPS like in the equation 1.2, you can get 
the SNR2out. 
 

SNR2out = [MTF (f)]2 / NPS (f)  Equation (1.2) 
 
The NPS (f) is the noise variance and it’s already squared, which means that 
SNRin from an imaging system is SNRin= N  and that will become SNR2in = 
N. From all these calculations the equation number 1.1 becomes:  
 

DQE (f) = k [MTF (f)]2 / N NPS(f)  Equation (1.3) 
 
Where k is a constant that converts units. The NPS is determined from an image 
which will be explained in section 2. The DQE (f) has become a standard which 
describes how good the detector system really is. It is an excellent description of 
the dose efficiency of an X-ray detector system. System with ideal noise 
properties, the DQE (f) will be equal to the DQE at f=0. DQE measurement 
requires the following: 
  

•  Standard spectrum 
•  Standard geometry 
•  Detector surface 
•  Measurement of MTF 
•  Measurement of NPS 

 

1.7 Dark Current  
 
A defined characteristic of Philips detectors is the dark current, which adds 
system noise to the already present quantum noise.  Dark current is the name 
given to spontaneously generated and randomly announced charges. This current 
is time and temperature dependent. The dark current has an effect on the image 
that is analogous to clouding in film radiography. The dark current emanates from 
spontaneous generation of charges in individual pixels and increases with 
integration time and temperature. This makes it necessary to clear the detector 
from such charges before each exposure.  
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2 Materials and Methods 
2.1 Generating data for MTF, NPS, DQE 
 
 
For generating data, Philips Digital Detector has been used, which is a wall 
detector whose place is at laboratory Nr. 8 at Blekinge Hospital. The distance 
between the x-ray tube and the detector was measured to be 225cm including the 
distance from the detector cover to detector surface, being 78mm. This distance is 
called Focus Detector Distance (FDD). In the laboratory there was no grid and the 
focus of the X-ray tube was fine.  
 

X-ray tube 

Focus Detector Distance (225cm) 

Detector with 78mm 
detector cover 

Exposure geometri 

 
Figure 6. Focus Detector Distance 

 
RQA5 (Radiation Quality Assurance) was used with 70kV plus 21mm Aluminum 
extra filtration at beam delimiter. When the exposure of the detector was made, 
maximum field size was always used in all exposures. After each exposure there 
were two automatic detector resets between exposures, because the quality of 
exposure can be bad if you do not reset. The detector size is 43cm x 43cm. Every 
exposure that was made resulted in a Raw image; it means that the exposure has 
not been treated with any imaging program. A Raw image is a matrix of 3121 x 
3121 picture elements (pixels). To get the nice picture which will be explained 
later, a post image was used with 3001 x 3001 big matrices. Pixel size in all 
exposure is 143 µm. 
These are the properties which are used to get the data from the x-ray system. 
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2.2 Image Analysis 
 
Since we worked with Raw images it existed a need to correct the detector errors 
in such a way that we don’t lose any important information. In order to do that 
first we had to analyze the image then reduce these errors. To be able to do that 
we developed an algorithm that corrected these error.  

 
Figure 7. Uncorrected image 

 
As you see in figure 7 there are three major errors on the image that gets your 
attention 
 
• The first error is the cross in middle and the line in first quadrant of the image. 

This depends on that Philips detector is four sub panels that are sitting 
together and it constitutes this cross with dead pixels. 

• A second error is a all dead pixels on the edges which also is caused by 
electronics devices. 

•    We can also see that the grey color on the image has two different shades, 
each one of the shades is 60 matrix rows long, and this error is also dependent 
on how detector electronics devices are grouped. In the image there is one 
more error at the first sub panel, whose pixels are dead.  
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2.2.1 Dark Image 
 
To begin the measurement of the Dark image the detector panel was set to the 
lowest possible voltage and the lowest possible current. When this is done both 
detector and x-ray tube are covered with a lead apron (Fig. 8a) in order to prevent 
as little radiation as possible to reach the detector. This is done in order to know 
how much actual noise the detector gives from itself. To get the dark image, ten 
exposures have to be taken.  
After taking the images the average of all ten exposures are made. The Dark 
image is needed as a reference or offset when correcting the Raw image.   
 
 

 
 
 
 
 
 
   
 
 
 
 
 
  
 

Figure 8a. Covering the x-ray tube with a lead apron.   Figure 8b. Covering the Detector with a lead apron. 
 

2.2.2 Gain data 
 
To get the gain data from three different dose levels, ten exposures at each dose 
level are taken. After getting all exposures the average calculation must be done at 
each dose level to get the gain of each dose level.  
A total of 30 exposures are accordingly needed in this specific task.  
 
 
2.2.3 Correction of Images
 
The first assignment that was needed to be done was to correct the Raw images. 
Those images have not been treated with any filtration or imaging adjustments. 
The result is shown in the result part. In order to correct the image the following 
measurements were made:  
 

• Mean value of 10 Dark images.  
• Five different dose levels (0, 1/5, 1/3.2, 1, 3.2, 4) 
• The average calculation must be done at each dose level to get gain of 

each dose level.  
• The mean value of the Dark images minus the mean value of the Gain 

images will give an image G.  
• After this the mean of the G will give a constant (In the finale image, you 

take the mean of each pixel in the matrix.)  
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• Finally, to get a cleaned image the equation in figure 9 has to be 
calculated. IRaw (x,y) is the dose image which is being cleaned from the 
noise, off-set variation, geometric distortion, broken pixels and cetera.    

• A program in Matlab was made to do all of these procedures 
 
Figure 9 explains how the cleaning of the images is done.   
 

 

Mean of Dark 
Images = D(x,y)

Mean of Gain 
Images = G´(x,y) 

G(x,y)= G´(x,y)-D(x,y) G(x,y)= Mean Of G(x,y) 

I(x,y) = G/G(x,y)*(IRaw(x,y)-D(x,y) 

 

Dark Image Gain Image 

 

Figure 9. Cleaning procedure of the dose images 

 

2.2.4 Linearity 
 
We had to see if the detector was linear because our measurements would not be 
correct otherwise. The detector should give the same image independent of the 
time, and the output level should respond linearly to the input level (the dose 
level). In order to know if the detector has linear shape (Result section 3.2), ten 
more exposures at two other different dose levels than above are taken, which 
gives the totally of five different dose levels. These levels shall be 1/5*Normal 
 15
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dose and 4*Normal dose.  
For estimating the dose-signal relationship the following relative dose levels are 
obviously used, where 1 is normal dose:  
 
0, 1/5, 1/3.2, 1, 3.2, 4 
 
A total of 20 additional exposures are accordingly needed in this specific task. To 
explain how the calculations are made in Matlab following steps must be done. 
There are five different levels and each level has been exposed ten times. Let us 
explain just one level, because the same thing was done at each dose level. 
 
Level Zero: 
 
Start by taking ten exposures at the same voltage and current.  
These images are saved in a database and were burned on CD-record by our tutor 
on The Hospital of Blekinge. 
 
In order to get the pictures in to Matlab a program was written. The difficulty was 
that the pictures came out huge and that it took 10 minutes to read an image. This 
was altogether too long time, because there were 50 images that should be read in. 
The solution of this problem was that there is a function in Matlab which makes it 
possible to allocate the memory before reading in data. By help of this function, it 
took only 5 seconds to read in an image.  
 
After reading in an image it was diminished to 3001x3001 pixels from the 
original 3121x3121 pixels. This was applied on all ten images which were added 
up and then divided with ten in order to get the mean value. When the mean value 
is obtained, we check the pixels value from the final image (Figure 22).This has 
been done for all five levels. After all these calculations we find that the detector 
is linear, when you increase the dose you increase the detector signal strength 
linearly (Figure 23).  
 

2.3 Modulation Transfer Function (MTF) 
 
The edge phantom is placed directly on the detector cover. Two exposures are 
made at each of the three dose levels. One with the edge angulated 1.5 degrees to 
3 degrees with respect to the column direction and one with the edge angulated 
1.5 to 3 degrees with respect to the row direction. The exposures are made for 
each of the four detector panels. The phantom must be as close as possible to the 
center of the detector without including the center cross. Totally 24 exposures are 
done in this specific task. 
 
 
In order to do this experiment the edge phantom was made by MTA (Medicin 
Tekniska Avdelningen) at the hospital of Blekinge. The edge phantom is a device 
used to evaluate performance of imaging equipment. It can be used to improve 
and compare reconstruction algorithms and provide correction factors to apply to 
clinical imaging situations. The edge phantom has a simple geometrical design for 
example lines or uniform cylinders which absorbes X-rays on the imaging system. 
In figure 10 the design is shown. PMMA is Polymethyl methacrylate also known 
as clear plastic. 



 
Figure 10. Edge Phantom 

 
 

 

 

2.4 Noise Power Spectrum (NPS) 
 
Three exposures are made at the three dose levels. Before calculating the Noise 
Power Spectrum the image has to be corrected for abnormal pixels, off-set 
variation, geometric distortion and dissimilarities.  

2.5 Detective Quantum Efficiency (DQE) 
 
For determination of DQE there was no image that has been exposed. The DQE is 
a measurement which depends on the modulations transfer functions and noise 
power spectrum as seen in equation 1.1  
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2.6 Line Method 
 
The MTF principle is built on the assumption that the system has a linear 
reproduction, giving that a spot is reproduced the same regardless were in the 
object area it exists. The MTF depends only on the system. To measure MTF 
there are some steps to be done before getting the final result, see Fig.11  
 
 

Test object 

Expose 
using 
digital 
detector

ESF Differentiate 

LSF FFT MTF 

Measuring MTF (experimentally) for Digital Detectors 

 
 

Figure 11. How to calculate the MTF 
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The first step in order to calculate MTF is exposing the phantom to x-ray jets.  
As seen in the image (Fig. 12), the edge is adjusted and ten rows chosen near each 
other. The white line represents 10 rows in the image. 
 

 
Figure 12. On this image, it is possible to see the edge phantom that lies angulated two degrees from the 
horizontal line.
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In order to reduce the noise that occurs, the ten rows have to be displaced and 
then the mean value gives the ESF (Edge Spread Function) see fig.13-14. Thanks 
to the knowledge of the angle towards the phantom and how big pixels are, the 
calculations of how much the rows are displaced from each other can be done. 
 
 

 
Figure 13. Ten rows before displacement   Figure 14. Ten rows after displacement 

 
After the displacement it is possible to differentiate ESF function with a kernel  
(-0.5 0 -0.5). The resulting LSF is Fourier transformed. After all these calculations 
Modulations transfer function has been obtained, and it is shown in result part.   
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2.7 ROI (Region of Interest) Method  
 
The test device is placed in touch with the detector surface plane and slightly 
tilted 1.5 to 3.0 degrees with respect to the pixel matrix of the detector see figure 
15. 
                                                                 

 
Figure 15. Phantom on the detector 

 
 
 
From the corrected data 10 ROI (10 different areas 100mm×4.3mm) near each 
other is chosen and used for analyze. Those two different white areas in the image 
represent two ROI. See figure16. 

 
Figure 16. Exposed image with phantom  
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According to IEC 62220-1 the length of the region should be 100mm and the 
width of the region is depending on an angle . In this case oo 3.0 5.1 ≤≤ α α =   o9.1 .

Number of column =  
αtan

1         Equation (2.1) 

The width of ROI = *
tan

1
α

length of pixel     Equation (2.2) 

In this particular case:  

width of the ROI = mm31.4143.0*
9.1tan

1
=  

 
We have also been testing  and  mmmm 31.450 × mmmm 31.425 ×  ROI to be able 
compare those result with the MTF value of 100mm×4.3mm ROI  
 
The Edge spread function is determined by re-arranging the data of N consecutive 
lines see figure 17.  
  

 
Figure 17. The re-arranging of data to N-lines 

 
In figure 18 we can see an over sampled Edge Spread Function (ESF).  
 

 
 
Figure 18. ESF of N consecutive line 

 
The second step is differentiation of the ESF by a filter (-0.5, 0, 0.5) giving the LSF function. 
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2.8 Noise Power Spectrum  
 
Earlier when the quality of the detector was checked, only MTF was used without 
considering the noise in the image. 
 
In order to get NPS the following have been done:  
 

• Collect the data for calculation of the Noise Power Spectrum (NPS) by 
exposing the detector only.  

• Then chose a field of radiation in the image that is to be about 
125x125mm^2 large.  

• The standard states that at least 61 ROIs should be used if a ROI is 256 
long, but instead 64 have been used. 

• The number of images is such that at least 4 million independent image 
pixels are used in the analysis. 

 
From the exposed image the Fourier Transform is calculated from Region of 
Interest with size 256. This ROI is moved by 128 pixels in X as well as in Y-
direction until the entire surface is covered. Fourier transform is calculated for 
each ROI, not just the first. After Fourier transformation the addition of all 64 
ROI was made. It is shown in figure 19, how the ROI are taken from the image.  
 

 

 
Figure 19. Noise Power Spectrum Calculations 
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All Fourier Transforms are summed and the mean value is calculated. Thereafter 
it is possible to calculate the two-dimensional Noise Power Spectrum that is seen 
in the figure 20.  

 
Figure 20. Two dimensional NPS 
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3 Results 
3.1 Correcting the image 
 
Like it is shown in figure 21 the Raw image is not so nice. It has dead pixels, off-
set variation, geometric distortion and everything had to be cleaned, which is 
described in part 2.2.  
 

 
 Figure 21. Uncorrected image 

 
In figure 22 a nice clean image without any broken pixels or geometric distortion 
is shown. This is how an image looks after Philips image program have cleaned 
it, however this image was cleaned in Matlab instead of being cleaned in Philips 
image program.  
   

 
 Figure 22. Corrected image 
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3.2 Linearity  
 
A linearity measure shows how signal power changes when the dose changes. In 
this thesis five different dose levels are tested. The detector has a linear shape as it 
is shown in figure 23.  
 

 
Figure 23. Linearity using five different levels. 

 

3.3 Modulation transfer function (Line method) 

3.3.1 Line method 
 
Totally eighteen MTF graphs have been done in this assignment. There was a 
vector with length of 25mm, 50mm and 100m in this assignment with three 
different dose levels. Here is one example how MTF graphs can look like, this is a 
100mm long vector. Data from this graph was used to calculate the DQE. 
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Fig 24 Final Modulation transfer function with line method 

 

3.3.2 Modulation transfer function (ROI method)  
  
In the figure 25 you see an example of MTF from ROI-method.  
 

 
Figure 25. MTF for ten ROI   

 
 
 
 
 
 



3.4 Noise power spectrum 
 
In order to get a one-dimensional NPS 14 rows near each other around the main 
axis on the two-dimensional image are chosen. Thereafter the mean value of the 
14 rows is calculated and this one-dimensional NPS is obtained: 
 

 

Figure 26. One dimensional noise power spectrum  
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3.5 Detective Quantum Efficiency  
 
Imaging systems can be characterized by how well they transmit information 
between their input and output. In this task the detective quantum efficiency was 
used because the standard IEC (622 20-1) recommend it. As seen in the figure 27 
and 28, the detector has a normal behavior because the maximum DQE that is 1. 
Only ideal systems have DQE 1. When we compared the DQE with some other 
hospitals, also they hade almost the same values of the DQE as we had. In this 
task only 2 graphs are shown but with different vector lengths and different dose 
levels.  
 

3.5.1 Results from Line method 

 
Figure 27. DQE for 50mm 

 

Figure 28. DQE for 100mm 
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3.5.2 Results from ROI method 
Figure 29 and 30 shows how DQE look like when using a Region of Interest method.  
 
 

 

Figure 29. ROI 

 
Figure 30. ROI  
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4 Discussion 
 
Since in literature other exposure levels have been used it is not possible to 
compare the DQE at an equal exposure level.  As these investigators have been 
using a test device made of opaque tungsten in a literature it could be better if the 
test device in this project also was made of tungsten. 
 
Matlab makes calculations much easier. Since Matlab is a high-level programme 
is not so effective to calculate a long data sequences. 
 
Measurement of MTF is very sensible to many influences and accuracy is quickly 
compromised by false measurement conditions. Important issues are: 

1) Length of ESF to measure the low frequency behaviour of the MTF  
2) Opaque edge test device as required by IEC 62220-1 
3) To expose a detector 80 times during an experiment contributes to a 
warmer detector which influenced the MTF and NPS measurement.  

 
The most contributor of the uncertainty for the DQE is the uncertainty with the 
MTF measurement because of the squared effect of the MTF on the DQE. That 
way a correct MTF measurement is very important for a correct DQE estimation.  
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5 Conclusions 
 
The methods and algorithms that were developed during this project can also be 
used by the hospitals in southern region. Two different methods for measuring 
the MTF were used. Matlab code can be used for future measures of detector 
MTF (Modulation Transfer Function) and DQE (Detective Quantum 
Efficiency). Two important evaluations of detector performance, amongst 
others, are mainly the measurements of MTF and DQE. 
 
MTF measures image spatial frequency. It is similar to the graphic equalizer on 
your stereo in that it represents the response of your stereo to different 
frequencies. In the visual area MTF tells you how much high, middle and low – 
frequency you can record. MTF numbers always start high, and then drop, as 
imaged objects become finer.  
 
Indirect detectors have lower MTF influenced by phosphor blurring. That 
blurriness positively influences the signal-to-noise ratio also known as DQE, 
resulting in higher rates of DQE.  When evaluating the physical performance of a 
detector DQE tells a more complete story. It takes both MTF, which is the signal 
response, and the (NPS) Noise Power Spectrum which is the noise response into 
consideration. MTF ignores the noise factor.  
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