
 

Abstract— This study proposes a method to estimate elastic 
deformation using silhouettes obtained from multiple 
endoscopic images. Our method is able to estimate the local 
deformation of organs with internal structures using a 
volumetric mesh model reconstructed from preoperative CT 
data. The result of the experiments showed that the proposed 
methods could estimate the deformation with root mean square 
(RMS) errors of 2.0–6.0 mm. 

I. INTRODUCTION 

Recently developed surgical navigation systems can 
display 3D organ shapes generated from preoperative CT data. 
However, handling intraoperative deformation [1] is still a 
technical issue for itraoperative image augmentation. 
Although an optical tracking approach [2] using feature 
descriptors has been recently investigated for AR-based 
navigation, the stable acquisition of the features is a problem 
caused by time-varying illumination in laparoscopic surgery. 
This study proposes a method to estimate elastic deformation 
using multiple endoscopic images during surgery.  

II. METHOD 

We use silhouette images of organs, (i.e. segmentation 
results of endoscopic images) to estimate the local deformation 
[3]. Local deformation is represented by displacement of the 
vertices of the shape model. The next shape of the organ 
M(t+1) is estimated from the current shape M(t) and the visual 
hull H(t+1) computed from multiple silhouettes obtained by 
segmentation of endoscopic images while preserving the shape 
of M(t) as much as possible. If the elastic body forms a smooth 
surface, the normal vector at a tangent point of M(t+1) should 
be similar to the normal vector at the corresponding tangent 
point of H(t+1). Based on this observation, we first search for 
each candidates for pairs of tangent point at H(t+1) and M(t),  
and then evaluate them to select the optimal set using 
 

  (1) 

where vd and vs are candidates of tangent points on H(t+1) and 
M(t) respectively, nd and ns are their respective normal vectors, 
and w is a weight parameter determined experimentally. Their 
candidates can be used only when their evaluation values are 
equal to or less than the threshold Eth. We use the relationship 
C: vs - vd as the positional constraints that should be satisfied 
by the next shape. To achieve shape preservation, we employ 
a discrete Laplacian as a shape descriptor of the mesh. Finally, 
the next shape M(t+1) is obtained by minimizing the difference 
between the discrete Laplacian while preserving the positional 
constraints. 
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III. EXPERIMENTS 

We conducted simulation experiments to estimate the 
deformed state M(1) from the initial state M(0) using visual 
hull H(1) obtained from four camera images of a deformed 
shape. The initial shape was obtained from liver CT images, 
and the estimation error was evaluated by the Euclidean 
distance between the estimated vertices and the ground truth 
vertices. Fig 1 shows the estimated shape and the estimation 
error. We confirmed that elastic deformation can be estimated 
within 2.0–6.0mm root mean square (RMS) error. 
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Fig1: Deformation estimation result. (a) initial shape model 
computed from CT images, (b) visual hull calculated from 
silhouette images of deformed shape (pulled in 20 mm), (c) 
estimated shape and (d) local estimation error. 


	MAIN MENU
	Help
	Search
	Print
	Program in Chronological Order


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Up
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



