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Abstract. In Cone-Beam CT (CBCT) imaging systems, the scattering phenomenon has a significant 

impact on the reconstructed image and is a long-lasting research topic on CBCT. In this paper, we propose a 

simple, novel and fast approach for mitigating scatter artifacts and increasing the image contrast in CBCT, 

belonging to the category of convolution-based method in which the projected data is de-convolved with a 

convolution kernel. A key step in this method is how to determine the convolution kernel. Compared with 

existing methods, the estimation of convolution kernel is based on bi-l1-l2-norm regularization imposed on 

both the intermediate the known scatter contaminated projection images g and the convolution kernel. Our 

approach can reduce the scatter artifacts from 12.930 to 2.133.  
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1. Introduction 

Computerized Tomography (CT) is a technique for imaging the cross sections of an object using a series 

of x-ray measurements taken from different angles around the object. An x-ray system with a large-area 

detector, which is commonly used for cone-beam computed tomography (CBCT), is more susceptible to 

cupping artifacts generated by scatter and beam hardening. The presence of scatter in the projection images 

leads to reduced low-contrast sensitivity, artifacts such as dark bands behind dense objects, and slowly 

varying CT number nonlinearities known as cupping artifacts in the reconstructed 3D images. Beam 

hardening is also known to lead to image cupping artifacts. X-ray scatter may lead to additional artifacts, 

which is one of the most challenging problems in CBCT. In the past 20 years, most correction methods that 

have been developed to reduce the artifacts focus on reducing the scattered photons on the projective image. 

Various correction methods using software-based [1-3], hardware-based [4-6], or combined hybrid 

approaches [7-12] have been proposed in the literature. The effect of software-based convolution and 

de-convolution correction methods depends on whether the chosen conditions which the point spread 

function and the actual experiment conditions of X-rays in the actual experiment are the same. When the 

experimental conditions change, we can not guarantee the suppress effect of scatting, therefore the limitation 

of application is relatively large.  

2. Method 

The scatter correction algorithm with the convolution is divided into the following steps: 
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Fig. 1: The process of the proposed cupping artifact correction method using de-convolution method.  

3. Result 

The phantom is the projected data which is de-convolved with a convolution kernel. Fig. 2 and Fig. 4 

shows the reconstructed images.  

The 1D horizontal profile with and without scatter signals can be seen in Fig. 3and Fig. 5.  

For a quantitative analysis of the reconstructed image, we measured the image contrast and the magnitude 

of cupping in Fig. 2 (a) and Fig. 4(a)(c). Our approach can increase the image CNR from 5.61 to 7.35 and 

reduce the artifact from 12.930 % to 2.133 %. These artifacts are significantly suppressed when the proposed 

method is used with convolution 

 

 

(a)                           (b) 

Fig. 2: Image reconstructions of the phantom. (a) CBCT without scatter correction; (b) scatter correction using the 

de-convolution method. 
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Fig. 3: The 1D horizontal profile of the measured and estimated scatter signals on the phantom: The column is the 

profiles of the projection image which is at row 26 in Fig. 2. 

 
(a)                     (b) 

   
(c)                      (d) 

Fig. 4: Image reconstructions of the phantom. (a)(b) CBCT without scatter correction; (b) (d) Scatter correction using 

the de-convolution method. 

0 50 100 150 200 250 300
0

50

100

150

200

250

300

pixel

p
ix

e
l

 

 

Corrected image

Original image

 
Fig. 5: The 1D horizontal profile of the measured and estimated scatter signals on the phantom: The column is the 

profiles of the projection image which is at row 127 in Fig. 4. 
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