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Abstract 
 
Advent of electron tomography and high performance computation has 

yielded much interest in field of image reconstruction of interior of objects 

through non pervasive measures.  Traditional analytical algorithm requires 

large number of projection angles resulting in high dosage of electrons to 

patient or high computation time in case of iterative algorithms. We have 

presented a novel reconstruction technique by leveraging the high efficiency 

segmentation on top of filter back projection. The Presented algorithm is 

more robust and automated than traditional analytical and iterative 

reconstruction technique by applying segmentation refinement. In the 

proposed study, we have demonstrated that our algorithm perform under high 

accuracy with low number of projections and less computation for cylinder, 

brain, lungs and pancreas. 
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1 Introduction 
 

Computer Tomography is a technique to reconstruction images from 

their projection. There are two major forms of technique called analytical and 

iterative reconstruction techniques. Among the analytical reconstruction 

techniques, filtered back projection has the capability to reconstruct faster 

compared to other technique but it requires lot of projections. On the other 

hand, iterative reconstruction techniques requires less amount of projection 

but with tradeoff on greater reconstruction time. Though efficient algorithm 

have been built such as TVR-DART applies strong prior knowledge toallow 

reconstruction [1-2]. 

Images from extremely low number of projection, but required high 

computation time. To extract & understand the analyzed samples [3], it 

requires segmentation of regions & features present in the volume. The 

simplest approach in segmentation technique is the intensity thresholding 

method, advanced reconstruction algorithm such as TVR-DART use the 

homegeneity of the reconstruction prior. 

In the proposed approach, a segmentation technique has been developed 

applying few FBP operations with lesser number of projection to reconstruct 

images[1-10]. 

 

2 Related Work 
 

Delei Chen et al (2014) has presented an analysis of 3D image 

reconstruction of tubular domain in non-composite thin films and section 

using SIRT, TVM and DART algorithm. The study was done with limited 

number of electrons and apply different angular schemes. Workflow of 

electron tomography is simulated with different tilt series. Experimental 

results indicate that reconstruction methods decline with the electron dose. 

SIRT algorithm is the most robust method, it is insensitive to angular 

sampling.  TVM algorithm yields sharper edges, but the edge position are 

influenced by angular projection, DART Algorithm suppresses the artifacts 

along the beam direction [11]. 

Madasamy Raja et al., (2020) has developed multi resolution version of 

DART (MDART) to handle large datasets. In MDART, reconstruction starts 

with coarse grid with large amount of pixels. Initial point of all further 

DART iterations is done on finer grid of sample. In traditional DART 

technique, iterations are done until there is difference between projection 

distance and a given threshold. In MDART technique, reconstruction grid, 

pixel size is halved.  Experimental results show that proposed approach is 

faster than DART, coarse grid substantially eliminates the ill posed by 

reducing the number of unknowns maintaining the same number of equations 

[12]. 
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Jalal M. Fadili et al., have presented single step gradient descent 

method or multistep Nestrov Scheme. In step gradient descendent method, it 

is solved by using the extensions to non-differentiable functions of gradient 

descendent. In case of Nestreov Total variation projection, it is a multi step 

process to optimize the smooth convex functional and a convex non 

differentiable functional which has simple structure. Experimental results 

conclude that problem of linear inverse problems solved through descent 

gradient method under total variation constraint [13].  

 

3 Hybrid Segmentation 
 

    Hybrid Segmentation uses the discrete tomography & segmentation, 

which differ significant in their computational requirements. The 

segmentation method performs computation better than discrete tomography 

[4]. Hybrid approach applies the projection data as prior knowledge for the 

segmentation of tomographic images, it aims at minimizing the reprojection 

distance, distance between the measured projections & projection distance 

[5-6]. 

 

4 Proposed Approach 
 

In this study, we prepare a approach based on fusion method with a aim 

of reconstructing image of tomographic volumes by overcoming the short 

coming of iterative reconstruction by taking lesser computation time. 

 
 

Figure 1 Proposed Algorithm 
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In the classical approach, segmentation method have the advantage of 

being fast but lacks information on prior knowledge in tomography problem 

and iterative reconstruction may lead to heavy computation but precise image  

reconstruction. Figure 1 shows Proposed Algorithm.In this approach, it takes 

the strategy of combining both analytical and segmentation.  

● In the initial step, piece wise constant regions of tomographic 

images are built to create a segmentation model. 

● Initial segmentation is done using only the reconstructed data 

from analytical reconstruction. 

● Initial segmentation is refined further by minimizing the 

segmentation inconsistencies with projection data. 

 
4.1 Step: 1 Initial Variable Segmentation 
 

The segmentation problem is the identification of the disjoint region with 

an optimal value.  

f:    Ω               {      K} 

  Ωi                
where Ω1, . . . , ΩK form a partition of Ω. The segmentation problem is the 

determination of the disjoint regions Ωi as well as the optimal values ρi . 

 

4.1.1 Segmentation 
 

In the segmentation phase, partitioning is done through Mumford-Shah 

segmentation functional with piece wise constant model is expressed as: 

arg min E(c1,c2,Ω1) =  (∫
  

  ( )          ∫
    

  ( )        )    ∫
  

                      

(2)                             
   c1,c2,  1                                                                                                                                       

       where  λ  and     represents model parameters  

           the other terms represents the length of the segmented region contour.  

Convex relaxation parameter is formulated as 

arg min E(c1,c2,Ω1)    =  ∫
 

                  (1-u)] + λ∫
 

     

   c1,c2,u:         {0,1}        

Estimation of regional intensities in the image is used to solve the total 

variation of indicator function. However, two step minimization is a 

preferred option, u denotes the fixed segmentation, best optimal values of c1 

& c2 are corrupted in the closed form with in the region. 

*    ∫
 

 ( ) ( )    ∫
 

 ( )    

*    ∫
 

 ( )(   ( ))    ∫
 

(   ( ))    

for fixed c1 and c2,theconvex functional with respect to u. 

As a last step, the binary set{0,1} denotes the convex, by applying the 

optimization over the convex and through threshold the solution after  
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relaxation the constraint, the convex relaxation approach converges the 

global minimum of energy.The corresponding convex problem is denoted as: 

min 

  c1,c2,n |0,1|″∑ 
   (     )    ∑ 

   (     ) (    )  
 ∑ 

           

we used the deriving cite of Chambolle and weighted back projection to 

enhance the segmentation functional under total-variation regularization 

constraints. 

 

4.2 Step: 2 Segmentation Refinement Applying Tomographic 
Data 
 

Objective of this step is to align the segmentation with the projection. 

The confidence map is computed to refine the segmentation variation with 

the projection. 

 

4.2.1 Identification of Segmentation 
 

In inconsistences using the projection data which measures it represents 

the inconsistencies either from the reprojection distance or the projection 

stack inconsistency which is called as reconstructed residual error (RRE) [7]. 

r = W * ( Ws – P ) 

 
4.2.2 Segmentation Refinement 
 

The Reconstruction error is higher in the regions where the segmentation 

and is inconsistent with the projection data [8-9]. 

 In this steps regions with high residual error is switched their label. 

sc=argmin||Ϲ(x-s)||+λ||x||TV 

                                                        x 

g(.) = ____1____       

                                                                  1 + |.|  
g(.) = exp(-β|.|) 

 

4.2.2.1 Refinement Process  
 

Input Parameters 

 

Input :W represents forward projection; 

 represents the current segmentation measured projections,. 

output:x* represents segmentation refined using tomographic 

                        A  A  = A   

              s* <- Grey-regions from s with  ; 
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                r<-W †(Ws* )using W † Wᵀ   

 

    for i<1 to n do 

             Ci,i<- g(ri) for g; 

end 

          x*<- Solve arg min x||C(x-s)||2 + λ||x||TV  

using weighted back projection and Chambolle  algorithm. 

          return x*; 

 

5 Experiment 
 

Four images have been used for this experiment which includes Four 

Phantom images have been used for this reconstruction technique. The first 

phantom is the cylinder, brain, pancreas. The Dimension of all images is 512 

X 512.The simulation of parallel beam projections is done using ray driven 

projector to determine the intensity of an image pixel to each x-ray. Each 

distribution of projection angles between 0° and 180° are arrived from 

parallel beam projections. 

 

5.1 Results and Discussion 
 

In this section, we provide a overview of result of experiment. Image is 

reconstructed at different projection angles for cylinder, brain, lungs, 

pancreas as shown in figure: 2,3,4,5. 

Result clearly shows that by applying both segmentation refinement 

approach using analytical method and segmentation technique, precise 

reconstruction is achieved with less projection angles. 

 
(a)                       (b)                 (c) 

Figure 2 Cylinder Image 

(a)Reconstructed  DenoisedImage, (b) Convex Segmentation(c) Refined 

Segmentation 

 

 
(a)                       (b)                 (c) 

Figure 3 Brain Image 

(a)FBP Reconstructed Image, (b) Segmented Image (c) Image Reconstructed using 

hybrid Technique. 
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(a)                       (b)                 (c) 

Figure 4 Lungs Image 

(a)FBP Reconstructed Image, (b) Segmented Image (c) Image Reconstructed using 

hybrid Technique. 

          
(a)                       (b)                 (c) 

Figure 5 Pancreas Image 

(a)FBP Reconstructed Image, (b) Segmented Image (c) Image Reconstructed using 

hybrid Technique. 

 

Figure 2, 3,4 and 5 shows the comparison of reconstructed image of 

cylinder, Lung , Brain and pancreas image . 

 

 
 

Figure 6 Cylinder Image 
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Figure 7 Brain Image 

 

 
 

Figure 8 Lungs Image 
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Figure 9 Pancreas Image 

 

 

Figure: 6,7,8& 9 clearly shows that of error rate after combining the 

segmented image and reconstructed tomographic volume for cylinder, brain 

,lungs, pancreas phantom at different projection angles. 

 

 

6 Conclusion 
 

In this paper, we presented a novel 'segmentation scheme that can be 

used in conjunction with existing tomographic algorithm.it has been evident 

that segmentation technique requires less number of projections for 

reconstruction. Results shows that segmentation refinement approach used in 

this technical produce robust results. Reconstruction process is flexible 

because it is independent of initial segmentation .The presented approach 

significantly will compared to iterative methods with better computation. 
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