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ABSTRACTS 

Artifacts of tomogram are main commonly problems occurred in x-ray computed tomography. The 
artifacts will be appearing in tomogram due to noise, beam hardening, and scattered radiation. The study 
has been carried out using CdTe timepix detector. The new technique has been developed to eliminate the 
artifact occurred in  hardware and software. The hardware setup involved the careful alignment all of the 
components of the system and the introduction of a collimator beam. Meanwhile, in software 
development deal with the flat field correction, noise filter and data projection algorithm. The results 
show the technique developed produce good quality images and eliminate the artifacts.    

ABSTRACK 

Masalah yang timbul dalam imej Sinaran X berkomputer  adalah imej yang mempunyai Artifak . Faktor 
yang menghasilakn artifak dalam imej tomogram adalah seperti hingar, alur keamatan tinggi, dan radiasi 
yang berserakan. Kajian ini telah dijalankan dengan menggunakan CdTe pengesan timepix. Teknik yang 
baru telah dibangunkan untuk menghilangkan artifak yang berlaku dengan menggunakan teknik dalam 
perkakasan dan perisian. Teknik perkakasan yang dibangunkan adalah terlibat dalam penjajaran semua 
komponen sistem dan juga aluran pemidang. Sementara itu, dalam pembangunan perisian adalah seperti 
pembetulan imej, penapis hingar dan unjuran data algoritma. Keputusan menunjukkan teknik yang 
dibangunkan menghasilkan imej berkualiti dan menghilangkan artifak imej. 
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INTRODUCTION 

A tomogram is a technical term for a Computer Tomography (CT) image. It is also called a slice because 
it corresponds to what the object being scanned would look like if it were sliced open along a plane. A CT 
slice corresponds to a certain thickness of the object being scanned. So, while a typical digital image is 
composed of pixels, a CT slice image is composed of voxels (volume elements) [1].  

In computed tomography, the term artifact is applied to any systematic discrepancy between the CT 
numbers in the reconstructed image and the true attenuation coefficients of the object. CT images are 
inherently more prone to artifacts than conventional radiographs because the image is reconstructed from 



something on the order of a million independent detector measurements. The reconstruction technique 
assumes that all these measurements are consistent, so any error of measurement will usually reflect itself 
as an error in the reconstructed image.   This paper presents the technique to prevent and eliminate 
artifacts which normally occur in the tomogram. 

ARTIFACTS IN X-RAY CT 

The normal artifacts occurred in any tomogram are; beam hardening, ring artifacts and noise factor [2]. 
Next, are the brief descriptions about each artifact.  

i. Beam Hardening 
Typical X-ray tube spectra are polychromatic, where an x-ray beam is composed of individual 
photons with a range of energies. Consequently, the beam traversing through an object will become 
“harder”. It is because of the energy being increased by the preferential absorption of the low energy 
photons [1] as the low energy photons have a larger interaction cross-section than the high-energy 
photons. This situation is well known as beam hardening artifact.   The presence of metal objects in 
the scan field can lead to severe streaking artifacts [3]-[5]. Fig. 1 shows the effect of a beam 
hardening artifact with streaking patterns. 
 

 

Figure 1: Beam hardening effect with streaking patterns taken with the CdTe Timepix detector 

ii. Ring Artifact 
When the position in the alignment of x-ray tube, object and detectors is not well calibrated, the ring 
type of artifact appears [2]. The detector will give a consistently erroneous reading at each angular 
position, resulting in a circular/ring artifact [6].  An imperfect data collection from the pixel detector 
can also cause a ring artifact where the causes for the incorrect pixel response are manifold. These 
variations are observed in the reconstructed images showing concentric rings which are superimposed 
on the reconstructed image. Fig. 2 shows a tomogram with ring artifacts caused by imperfect data 
collection.    
 
To diminish the effects of false pixel responses different pre- and post-processing ring artifact 
correction algorithms were developed. Nevertheless, pre-processing algorithms based on flat-field 
corrections, moving detector arrays during acquisition and sinogram processing still do not remove 



ring artifacts to a sufficient degree [7], [8]. In this research, a new algorithm has been developed to 
use an image projection along a line for the image reconstruction to eliminate the ring artifact. 
 

 
           a) Line image                                                             b) Tomogram 

Figure 2: Ring artifact 
iii. Noise 

The data projection measured with CT scanners contains noise originating from two main sources:  

• The quantum noise inherent to X-ray generation and detection.  
• Noise due to detection processes: the dead pixel, glowing pixel, electronic noise in the detector 

and the data acquisition system. 
 

 The number of quanta of a given X-ray energy measured by a CT detector cell obeys a Poisson 
distribution. Since photons corresponding to different energies are integrated during the detection, the 
noise in the total recorded signal follows a compound Poisson distribution [9], [10]. Nevertheless, the 
basic property of the Poisson-like distributions is conserved: the larger the mean value of the signal, the 
larger the signal-to-noise ratio. The relative noise contribution is therefore stronger for projection lines 
crossing highly attenuating or large structures. 
The noise present in the projection data obviously propagates into the reconstructed images. One of the 
consequences of this is the reduction in the detection ability for low-contrast structures; they may become 
almost completely obscured by the noise. When, excessive noise is encountered in the projection data due 
to the presence of highly attenuating structures or the large size of the object being scanned, the non-
linearity of the logarithm may lead to noise-induced streaks in the reconstructions. Such an artifact is 
visible around the metallic implant that can be seen in Fig. 2. In order to address such issues, the noise in 
the projection should be kept to a minimum. This can be achieved by increasing the scanning time or the 
intensity of the radiation [9]. In these studies this has been done to overcome this issue by using the 
removed Outliers filter which has been created in a software routine. 

EXPERIMENTAL SETUP X-RAY TOMOGRAPHY 

The experiment setup is based on a setup for cone beam projection tomography. The X-ray generator and 
detector are fixed and the sample/object is rotated. The minimum interval rotation is 1 degree. The setup 
consists of the following principal components: 



• Mini-X-ray Tube 50kVp (120o cone beam, 2mm focal spot size) [11]. 
• Rotating stepper motor and position control [12]. 
• CdTe Timepix detector [13]. 

 
In this work, pencil sample has been studied with different mass attenuation coefficients. The pencil, 
which consists of a layer of paint coating (outside layer of the pencil), wood and carbon. The pencil has 
been chosen so that studies of image reconstruction using the different density profile can be conducted.  

 
RESULT AND DISCUSSION 

The imaging techniques used for this work involved the use and development of both hardware and 
software parts. Both of these need to be optimized and taken into consideration when performing the 
image reconstruction. On the hardware part, there is the alignment and distance between x-ray tube, 
sample and detector. In addition a collimated beam should be used in order to reduce beam hardening and 
background scattering. For the software part there is the flat field correction, noise filtering and 
arrangement of data projections. ImageJ software has been used to produce the tomographic images using 
the filtered back projection algorithm. This software enables fast processing of the data to reconstruct the 
entire image and produce the tomogram.  

The optimization of distance between the x-ray tube and sample is critically important. The distance 
between x-ray tube and object is set in order to obtain a focused image from the x-ray tube and obtain the 
best quality image. The closer the x-ray tube is in the sample, the greater the beam hardening artifact 
effects that become apparent in the reconstructed image. To get an optimal image the CdTe Timepix 
detector is placed as close as possible to the sample and the centered on the tube-sample-detector axis. 
Increasing the separation of the detector from the sample gives a magnified projection. The further the 
sample is from the tube the smaller the image will be. The results in image in Fig. 3 (a) shows the blurring 
and the beam hardening effect. However, when the distance of the sample is increased a better quality of 
the image is produced  (Fig. 3 (b)).  

 

                     

 

 

 

                                                (a)                                                            (b) 

Figure 3:  (a) The lower seperation of x-ray tube with sample is seen to produce blur and shows the beam 
hardening effect.  (b) Optimising the separation produces an image of much higher quality     

A collimator is applied to the beam in order to reduce the scattered background effect and beam 
hardening. A collimator slit is placed in front of the cone beam x-ray tube so that only the photons 
travelling along a straight line into the region of interest are incident on the sample. Fig. 4. shows an 



image of an insect after the collimated beam has been applied. The image shows that the scattered effect 
and beam hardening artifact were greatly reduced and produce good quality images.                   

 

 

 

 

 

        (a) Photographic image            (b) Without collimator             (c) After collimator 

Figure 4: Image of insect after application of a collimated beam. 

In the software part consists of three principal adjustment components that are carried out before 
performing image reconstruction. Firstly a flat field correction is applied to normalize the pixel response 
across the array in terms of intensity and energy of the polychromatic x-ray beam. The second adjustment 
applies a noise filter to remove the noise of dead and glowing pixels. The last part arranges the data 
projection to perform the tomogram. For objects with widely different attenuations some more advanced 
flat field measurements have to be performed to calculate the beam hardening [13]. After taking the 
object image and the flat field measurement, the object measurement has to be divided by the flat field 
measurement to achieve the flat field corrected image [12]; 

𝐼𝑓𝑓𝑐 = 𝐼𝑠
𝐼𝑓𝑓
𝜇𝑓𝑓                                                                           (1) 

where Iffc is the image with flat field correction, Is is the image sample, Iff is the flat field image and µff  is 
the average flat field signal. The number of flat field measurements taken in X-ray imaging applications 
to maximize the SNR normally exceeds the number of object measurements by far [13].  Fig. 5 shows the 
image of the flat field correction.  

 

                               (a) Without flat field correction        (b) Flat field correction 

Figure 5: Flat field correction technique. 



Fig. 7 shows the profile of images in Fig. 6.  The results show that the flat field correction, image is 
capable of reducing the noise background of the image and making the image sharper. The signal to noise 
ratio (SNR) for the flat field corrected image is 187. Meanwhile, for image without flat field correction 
the SNR is 5.26. These measurements indicate that the flat field correction increases the image 
performance to produce quality images. 

The next step after performing the flat field correction, is to apply a “remove outlier” algorithm to the 
image. The “remove outlier” algorithm eliminates the noise from dead and glowing (hot) pixels where 
contributes to produce ring artifact. This algorithm works by replacing a noisy pixel by the median of the 
value of the surrounding pixels, if it deviates from the median by more than a certain value (the 
threshold). The, “Threshold” function is a measure of how much the pixel must deviate from the median 
to be replaced.  

 

                          (a) Without noise filter                                           (b) Noise filter                                                         

Figure 6: Comparison images of pencil before and after performing Noise filter. 

 

Figure 7: Profile of Pencil image after each process. 



A data projection algorithm was developed to produce high quality image in tomographic reconstruction. 
The image sets in each projection (0o to 360o) are called stacks. A data projection algorithm is a method 
of analyzing a stack by applying different projection methods to the pixels within the stack. In this study 
different projection types have been studied, such as sum slice, average intensity, standard deviation, and 
min intensity projection method.  

A sum slice projection creates a real image that is the sum of the slices in the stack. Meanwhile, average 
intensity is when the projection outputs an image wherein each pixel stores average intensity over all 
images in stack at corresponding pixel location. Another method  is a standard deviation projection, 
which functions to produce a real image containing the standard deviation of the slices. The final method 
being studied is a minimun intensity projection. This method creates an output image each of whose pixels 
contains the minimum value over all images in the stack at the particular pixel location. 

Table 1.0 shows the images resulting from different projection types. From the result, it is observed that 
the min intensity method produces a higher quality image compared to the other projection. The standard 
deviation, sum slice, and average intensity projection methods all produce tomograms that show a 
glowing effect at the edge of the wood and carbon (center).  

Table 1.0: Results of tomogram in different projection methods 
Photograph of an 
object 

 

Sum slice Average Intensity Standard deviation Min Intensity 

     
 

 

CONCLUSION 

In this study the pixellated CdTe Timepix detector has chosen to perform X-ray tomography. It has also 
been shown that the optimisation of hardware part in the arrangement and use of software part to 
correction can significantly improve the production of  good quality images. Through the hardware 
technique a clearer quality visual is obtained through the reduction and of beam hardening and scattering. 
The results of a sample pencil show the flat field correction  increases the SNR forty fold compared to the 
image without the flat field correction. Following this, the  noise filter and algorithm of the minimum 
intensity method for data projection arrangement present the results in the generated of the best 
reconstruction. The tomogram results of the pencil sample show that the techniques developed in this 
study can produce a good quality image and eliminate the artifacts.  
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