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1. Introduction 

 
Digital tomosynthesis (DTS) is a technique for 

acquiring images from a limited view angles, while it is 

not fully sampled in the Fourier space, resulting in 

insufficient data for image reconstruction. Nonetheless, 

there are image reconstruction algorithms such as filtered 

backprojection (FBP), simultaneous algebraic 

reconstruction technique (SART), and compressed 

sensing (CS) that can reconstruct images with 

insufficient data. These algorithms have advantages and 

disadvantages in image quality and reconstruction speed.  

In the study, we compare the tomosynthesis images 

reconstructed using FBP and SART. 

 

2. Materials and Methods 

 

2.1 Image reconstruction algorithms 

 

The image reconstruction algorithms used in this study 

are FBP and SART. The FBP algorithm is the most 

commonly used algorithm for CT image reconstruction. 

Since it can calculate slice images analytically, it can 

provide accurate and fast results. However, when 

reconstructing the image using the FBP algorithm with 

data obtained from a limited angle, there have been 

reported that several Fourier domain artifacts during the 

filtering process could occur. On the contrary, the SART 

algorithm is a method of reconstructing images by 

iteratively obtaining solutions of algebraic equations. 

Therefore, the SART algorithm can avoid the Fourier 

domain artifacts. However, since the image is 

reconstructed iteratively, the complexity of the 

calculation becomes a problem.  

 

2.2 Filtered Backprojection 

 

The most commonly used image reconstruction 

algorithm is the FBP algorithm. The FBP algorithm 

approximates the backprojection procedure of cone beam 

geometry to parallel beam geometry. The FBP algorithm 

can be represented by following equation [1]. 
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where 𝐿 is the distance from source to detector, 𝜆 is 

the distance from source to rotation center, and 𝑓(𝑟) is  

 

 
Fig. 1. A sketch describing image reconstruction in cone beam 

geometry. To reconstruct voxel value at = (𝑥, 𝑦, 𝑧)  , the 

contribution of projection value at (𝜉, 𝜂) in the planar detector 

obtained at the projection angle 𝛽 is illustrated. The projection 

signal is backprojected along the line, which is contained in the 

tilted fan beam [4]. 

 

an object function in spatial coordinate. 𝑝𝛽(𝜉, 𝜂) means 

the projection image multiplied by weighting factor: 
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The weighting function defined in equation (1) makes 

approximately cone beam to parallel beam geometry. 

ℎ(𝜉) in equation (1) refers to the filter function. The 

integral operation means the backprojection [4]. 

In cone beam computed tomography (CBCT) image 

reconstruction, the calculation of the backprojection 

indicates the existence of a transfer function that is 

inversely proportional to frequency. Therefore, an 

inverse transfer function is needed to compensate the loss. 

This inverse function is the filter function ℎ. This filter 

function can be described by the following equation in 

the spatial frequency domain.  
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The ramp filter compensates the low frequency data. 

However, it amplifies noise in high frequency data. To 

minimize high frequency noise, we use Hann window 

function as apodization filter. Hence this filter is called 

spectral apodizing as Lauritsch and Härer [3, 4]. 
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In DTS, it requires an additional filter. The DTS 

obtains data in limited angular ranges. Therefore, 

deficiencies of data occur along w-direction, which is 

perpendicular to detector plane (u, v). This causes blur 

artifact. In order to reduce this artifact, we use the Hann 

window, which is the same filter as spectral apodizing 

filter. This is called the slice thickness filter [3]. 

 

2.3 Simultaneous algebraic reconstruction technique 

 

In digital tomosynthesis imaging, there are many 

missing data, which makes the accurate image 

reconstruction more difficult, because of the limited view 

angle. Therefore, iterative image reconstruction 

technique is used to estimate the original object. The 

SART is one of the most commonly used iterative image 

reconstruction techniques. The SART updates in 

projection by projection at each iteration. A 3D image is 

updated with SART reconstruction by using the 

following formation [2].  
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where the coefficients 
ij

a  represent the net effect of the 

linear transformations, p  shows the measured 

projected data, and g  is the image to be reconstructed, 

i and j are ray and voxel indexes respectively. 

 

2.4 Comparison metrics 

 

To compare the images reconstructed with FBP with 

those reconstructed with SART, we investigate the 

similarity of images using structural information (SSIM) 

and mutual information (MI). SSIM is used for 

measuring the similarity between two images. SSIM is 

given by [5] 
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where 𝜇𝑥  and 𝜇𝑦  are the average of 𝑥  and y, 

respectively.  𝜎𝑥
2 and 𝜎𝑦

2 are the variance of x and y, 

respectively. 𝜎𝑥𝑦  is the covariance of 𝑥  and 𝑦. And 

𝐶1  and 𝐶2  are variables to stabilize the division with 

weak denominator, which is defined as (𝑘1𝐿)2  and 

(𝑘2𝐿)2, respectively. Where 𝐿 is the dynamic range of 

the pixel-values, and 𝑘1 and 𝑘2 are 0.01 and 0.03 by 

default, respectively. 

MI measures the mutual dependence between the two 

images. The MI can be defined by [6] 
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where 𝑝(𝑥, 𝑦)  is the joint probability distribution 

function of 𝑋  and 𝑌 , and 𝑝(𝑥)  and 𝑝(𝑦)  are the 

marginal probability distribution function of 𝑋 and 𝑌, 

respectively.  

 

2.5 Experimental phantom 

 

To compare the reconstructed images from the FBP 

and SART algorithms, we used the PCB used in the 

automobile LED as an experimental phantom as shown 

in Fig. 2.  

 

 
 

Fig. 2. LED PCB to reconstruct. (a) front of PCB. (b) back of 

PCB 

 

3. PRELIMINARY RESULT 

 

Fig. 3 shows the reconstructed slice images of LED PCB 

phantom depicted in Fig. 2 by using the FBP and the 

SART algorithms. The projection images are taken from 

angular range of 30°. Fig. 3(a) and (b) are obtained using 

the FBP algorithm. And Fig. 4 is obtained using the 

SART algorithm. Fig. 4(a) and (b) are obtained by 5 

iteration, Fig. 4(c) and (d) are obtained by 10 iteration, 

and Fig. 4(e) and (f) are obtained by 15 iteration. 

 

 
 
Fig. 3. Reconstructed slice images of LED PCB phantom by 

using the FBP algorithm. 
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Fig. 4. Reconstructed slice images of LED PCB phantom by 

using the SART algorithm. 

 

4. FURTHER STUDY 

 

  We have designed multi-layered PCBs, which 

contains quantitative information. Quantitative analysis 

on the reconstructed images for the phantoms will be 

performed by using the SSIM and MI metrics. 
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