
IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS,  MANUSCRIPT ID 1 

 

Advances in the Dynallax Solid-State 
Dynamic Parallax Barrier Autostereoscopic 

Visualization Display System 
 

Tom Peterka1, Robert L. Kooima2, Daniel J. Sandin2,3, Andrew Johnson2, Jason Leigh2, 
Thomas A. DeFanti2,3 

Abstract — A solid-state dynamic parallax barrier autostereoscopic display mitigates some of the restrictions present in static 

barrier systems, such as fixed view-distance range, slow response to head movements, and fixed stereo operating mode. By 
dynamically varying barrier parameters in real time, viewers may move closer to the display and move faster laterally than with 

a static barrier system, and the display can switch between 3D and 2D modes by disabling the barrier on a per-pixel basis. 
Moreover, Dynallax can output four independent eye channels when two viewers are present, and both head-tracked viewers 

receive an independent pair of left-eye and right-eye perspective views based on their position in 3D space. The display device 
is constructed by using a dual-stacked LCD monitor where a dynamic barrier is rendered on the front display and a modulated 

virtual environment  composed of two or four channels is rendered on the rear display. Dynallax was recently demonstrated in a 
small-scale head-tracked prototype system. This paper summarizes the concepts presented earlier, extends the discussion of 

various topics, and presents recent improvements to the system. 

Index Terms — I.3.7 [Computer Graphics]: Three-Dimensional Graphics and Realism --- virtual reality. Keywords: autostereoscopic display, 
Dynallax, parallax barrier, Varrier, visualization, 3D display  
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1 INTRODUCTION



     


        

      



       
   




    
      
       
      

      


2 BACKGROUND 


     


    


       

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Figure 1: A parallax barrier is a series of transparent and opaque 
strips that permit each eye to see different regions of the display 

screen behind the barrier. 
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      
    

       


       
          

       
         



          
         
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
           
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       
        
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
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        
         


        
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Figure 2: The Varrier  system is shown in large tiled (left) and smaller 

desktop (right) versions. 
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3  SYSTEM DESCRIPTION 
 
3.1 Dynamic barrier construction 








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
      




3.2 System structure 


        
     

 

        



        













    
         
 
          
   

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Figure 3: Wearing a tracking sensor on a headband, a user interacts 
with Dynallax. Eventually, tracking will be camera-based and tether-

less. 

3.3 Image Computation Algorithm 
 

      



        
         
       
         
      
        



      

     
       
       



      
     

    
        

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
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Figure 4: The barrier period and position between front and rear 
screens are related by a scale and shift operation. 

!



 

      

        
   





       
        
   


 
        

       

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Figure 5: The barrier step function is shown. 
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p = front screen period 
p’ = rear screen period 
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x = eye position x coord. 
x’ = pattern shift 
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3.4 Controller algorithm 
 
  

   


 

 

 

 

 

 

 

 
Figure 6: Controller block diagram illustrates three main functions: 

view distance, rapid steering, and 2-viewer control. 

3.4.1 View distance control 
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Figure 7: Spacing of channels in a static barrier system varies with 
view distance. 
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3.4.2 Rapid steering control 
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3.4.3 Two-viewer barrier control 





        
       
       




          
        


     

         
  

 
 
 
 

 

 

 

 

 

 
Figure 8: Repetition of channel lobes in space occurs at regularly 
spaced intervals. Although a limited number of lobes are shown 

here, this pattern continues outward in each direction. 
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Figure 9. The barrier period function for two viewers follows a 
sawtooth form. 
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   
EQ




     



3.4.4 Dual-period barrier 


       
      

         

     
     

      
        
        


  

EQ
E
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Figure 10. Changing the barrier pattern from a single period to a dual 
period increases efficient use of screen pixels. 


        





     
       
  
       
   
      
           
     
       



3.4.5 Interprocess communication 


         


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TABLE 1 

EFFINCIENCY GAIN OF DUAL PERIOD BARRIER 

OVER SINGLE PERIOD BARRIER 




        


    

  
  
       


      
       
      


       


      

        
        


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Figure 11: Interprocess communication in Dynallax is both synchro-
nous and asynchronous. 

4. RESULTS 

4.1 2D, 3D, mixed mode 




       

      


  
        

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Figure 12.  Dynallax permits monoscopic mode (upper left), autos-
tereo mode (upper right), and mixed mode (2D control panel and 3D 

scene below). 

4.2 View distance control 






     

       
          


         
      
      

        
       
     

         

      

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p' 
 

Single period 
efficiency 

 

Dual period 
efficiency 

 

Efficiency 
gain 

 
2p 0.5 NA NA 
2.5p 0.42 NA NA 
3p 0.33 0.5 1.5 
3.5p 0.29 0.44 1.55 
3.999p 0.25 0.4 1.6 
4p 0.5 NA NA 
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
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Figure 13: Ghost level vs. view distance is plotted for Dynallax and 
two Varrier implementations. 

4.3 Rapid view steering 


   
        



      





        
        
       
        

         
         
       
          








         


TABLE 2 

FRAME RATES FOR FRONT AND REAR SCREENS 

FOR VARIOUS MODEL SIZES AND RAPID STEERING 

ENABLED / DISABLED 



Model 
# verti-

ces 

Front 
sync 
frame 
rate 

Front 
async 
frame 
rate 

Rear 
frame 
rate 

single polygon 4 30 50 30 

mars rover 15K 30 50 30 

head 130K 10 50 10 

skull 220K 3 50 3 













4.4 Two viewer mode 



     


         

  
     


         
        
    

         
    
       


       
        




4.5 Other display architectures 





 


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Figure 14: Left-eye and right-eye views under single-viewer and two-
viewer modes are captured by cameras. a and b: left and right eye of 

single viewer mode; c and d: left and right eye of first viewer under 
two-viewer mode; e and f: left and right eye of second viewer under 
two-viewer mode. Different orientation white bars are rendered for 

the various channels, and the dim traces of opposite orientations are 
the ghost level of the system. 



        
       



         

 
     


       

 



       






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Figure 15: The colored substructure of the front display screen limits 

rear subpixel resolution to pixel resolution. 

          

        
   




        

        
 

      
     
       

        


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Figure 16. Photographs of the custom display are shown in the top 
row. Results with the custom display in the lower left and the Pure-
Depth display in the lower right are comparable and encouraging. 
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
       
       
      
         
 

  
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        

        
        
          
       
        
        
     
         
     
         


    
         
       


        
     





      
       
  
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      

        
        
       
      





 

TABLE 3 

NET EFFECTIVE RESOLUTION UNDER VARIOUS 

CONDITIONS 


Condition 
View 

distance 
Net effective 
resolution 

1 viewer 12 inch .13 Mpixel 
1 viewer 24 inch .26 Mpixel 
2 viewers 

single-period 
optimal sepa-

ration 

24 inch .13 Mpixel 

2 viewers 
single-period 
worst-case 
separation 

24 inch .09 Mpixel 

2 viewers 
dual-period 

optimal sepa-
ration 

24 inch .13 Mpixel 

2 viewers 
dual-period 
worst-case 
separation 

24 inch .07 Mpixel 




5. CONCLUSIONS 



     


        
        
     
    
         



  
         


   
       
   


        



       
    

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       

  
     
         
      

 
     
       
       

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       
   

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      






        





 

     

 
  


        


   

 



      
      

     

        



       




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