
    
    
        




    


    




    




            
                
            

            Skip to Main Content

    








    
        

    
    
        
    
        
            
        

            Advertisement

            


 
    


    


    
        



        
            [image: Oxford Academic]
        


                
            
            
                Journals
            

            
                Books
            


    

 
    

            	
                    
                        Search Menu
                    
                
	
            
                [image: Information]
            
        
	
        
            [image: Account]
        
    
	
                    
                        Menu
                    
                
	
            
                [image: Information]
            
        
	
        
            [image: Account]
        
    



            
                

            

        

    



    
    
        



    
            
                Navbar Search Filter
            
            Logic Journal of the IGPL
This issue
Logic
Books
Journals
Oxford Academic



        
            Mobile Enter search term
        
        

        
            Search
        

    





        

    

   
    


    	

                
                    Issues
                
            
        
	

                
                    Advance articles
                
            
        
	

                
                    Submit
                    
                
                
                	

                
                    Author Guidelines
                
            
        
	

                
                    Open Access
                
            
        



        
	

                
                    Purchase
                
            
        
	

                
                    Alerts
                
            
        
	

                
                    About
                    
                
                
                	

                
                    About Logic Journal of the IGPL
                
            
        
	

                
                    Editorial Board
                
            
        
	

                
                    Advertising and Corporate Services
                
            
        
	

                
                    Journals Career Network
                
            
        
	

                
                    Self-Archiving Policy
                
            
        
	

                
                    Dispatch Dates
                
            
        



        
	
            Journals on Oxford Academic
        
	
            Books on Oxford Academic
        


    





    
        
                            
                    [image: Logic Journal of the IGPL]
                

            
            
 
        

    


    
        


    	

                
                    Issues
                
            
        
	

                
                    Advance articles
                
            
        
	

                
                    Submit
                    
                
                
                	

                
                    Author Guidelines
                
            
        
	

                
                    Open Access
                
            
        



        
	

                
                    Purchase
                
            
        
	

                
                    Alerts
                
            
        
	

                
                    About
                    
                
                
                	

                
                    About Logic Journal of the IGPL
                
            
        
	

                
                    Editorial Board
                
            
        
	

                
                    Advertising and Corporate Services
                
            
        
	

                
                    Journals Career Network
                
            
        
	

                
                    Self-Archiving Policy
                
            
        
	

                
                    Dispatch Dates
                
            
        



        


        
            
                Close



    
            
                Navbar Search Filter
            
            Logic Journal of the IGPL
This issue
Logic
Books
Journals
Oxford Academic



        
            Enter search term
        
        

        
            Search
        

    




                Advanced Search

            
            Search Menu

    





    
    
    
    
    
    
    
    
    
 
    



        
        

 
    



    
            
                
                    

                    




    
        Article Navigation
    

    
        
            Close mobile search navigation
        
        Article Navigation

        
    
        


    
    
        
                [image: Issue Cover]
        

        
            

                        Volume 29

                        Issue 2




            

            
April 2021            

            
        

    

 
    


            

            

    
        	
            < Previous
        
	
            Next >
        

 
    


        

    







    
    
        
            Article Navigation
        
    




    
        
            Article Navigation
        
    




    
    
        

    

    
        
            Journal Article
                    



    
                
                    
                        Compensating atmospheric turbulence with CNNs for defocused pupil image wavefront sensors
                    



    Get access
    [image: Arrow]
                

                
                    
                                




                                    Sergio Luis Suárez Gómez, 

                                    

    
        
    Sergio Luis Suárez Gómez



    


    
        Department of Mathematics, University of Oviedo
, Oviedo, Spain


    


    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                
                                




                                    Carlos González-Gutiérrez, 

                                    

    
        
    Carlos González-Gutiérrez



    


    
        Department of Information Technology, University of Oviedo
, Oviedo, Spain


    


    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                
                                




                                    Juan Díaz Suárez, 

                                    

    
        
    Juan Díaz Suárez



    


    
        Department of Physics, University of Oviedo
, Oviedo, Spain
 and Wooptix S.L., San Cristóbal de La Laguna, Spain


    


    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                
                                




                                    Juan José Fernández Valdivia, 

                                    

    
        
    Juan José Fernández Valdivia



    


    
        Department of Physics, University of Oviedo
, Oviedo, Spain
 and Wooptix S.L., San Cristóbal de La Laguna, Spain


    


    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                
                                




                                    José Manuel Rodríguez Ramos, 

                                    

    
        
    José Manuel Rodríguez Ramos



    


    
        Department of Physics, University of Oviedo
, Oviedo, Spain
 and Wooptix S.L., San Cristóbal de La Laguna, Spain


    


    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                
                                




                                    Luis Fernando Rodríguez Ramos, 

                                    

    
        
    Luis Fernando Rodríguez Ramos



    


    
        Instituto de Astrofísica de Canarias
, San Cristóbal de La Laguna, Spain


    


    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                
                                




                                    Jesús Daniel Santos Rodríguez

                                    

    
        
    Jesús Daniel Santos Rodríguez
            



    


    
        Department of Physics, University of Oviedo
, Oviedo, Spain
 and Wooptix S.L., San Cristóbal de La Laguna, Spain


    


    
        E-mail: jdsantos@uniovi.es

    

    
        Search for other works by this author on:
    



    Oxford Academic



    
        Google Scholar
    


                                    
                                

                    

                



        
            Logic Journal of the IGPL, Volume 29, Issue 2, April 2021, Pages 180–192, https://doi.org/10.1093/jigpal/jzaa045

        

        
            
                Published:

                11 September 2020

            

                    

            

    






 
    

    
         
    



        
            
                
                    	
                            
                                
                                
                                    Views

                                    
                                

                            
                            


                                
	
                                    Article contents
                                
	
                                    Figures & tables
                                
	
                                    Video
                                
	
                                    Audio
                                
	
                                    Supplementary Data
                                


                        


                        	
    
        
    
    Cite



    Cite

        
            Sergio Luis Suárez Gómez, Carlos González-Gutiérrez, Juan Díaz Suárez, Juan José Fernández Valdivia, José Manuel Rodríguez Ramos, Luis Fernando Rodríguez Ramos, Jesús Daniel Santos Rodríguez,  Compensating atmospheric turbulence with CNNs for defocused pupil image wavefront sensors, Logic Journal of the IGPL, Volume 29, Issue 2, April 2021, Pages 180–192, https://doi.org/10.1093/jigpal/jzaa045

        


    
        
            
            
            Select Format
            Select format
.ris (Mendeley, Papers, Zotero)
.enw (EndNote)
.bibtex (BibTex)
.txt (Medlars, RefWorks)


            Download citation
        

    


    Close


 
    


                        
	
    
            
        
            
                Permissions Icon
            
            Permissions
        
    

 
    


                        
	
        
            Share Icon
            
                Share
                
            
        
        	
        Facebook
    
	
        Twitter
    
	
        LinkedIn
    
	
        Email
    


    


                    
    
        





    
    
        



    
            
                Navbar Search Filter
            
            Logic Journal of the IGPL
This issue
Logic
Books
Journals
Oxford Academic



        
            Mobile Enter search term
        
        

        
            Search
        

    





        

    

   
    

    







    
        

        
            
                Close



    
            
                Navbar Search Filter
            
            Logic Journal of the IGPL
This issue
Logic
Books
Journals
Oxford Academic



        
            Enter search term
        
        

        
            Search
        

    




                Advanced Search

            
            Search Menu

    





 
    


                    

                

            

            
    
        
    





                    Abstract

Adaptive optics are techniques used for processing the spatial resolution of astronomical images taken from large ground-based telescopes. In this work, computational results are presented for a modified curvature sensor, the tomographic pupil image wavefront sensor (TPI-WFS), which measures the turbulence of the atmosphere, expressed in terms of an expansion over Zernike polynomials. Convolutional neural networks (CNN) are presented as an alternative to the TPI-WFS reconstruction. This technique is a machine learning model of the family of artificial neural networks, which are widely known for its performance as modeling and prediction technique in complex systems. Results obtained from the reconstruction of the networks are compared with the TPI-WFS reconstruction by estimating errors and optical measurements (root mean square error, mean structural similarity and Strehl ratio). The reconstructed wavefronts from both techniques are compared for wavefronts of 153 Zernike modes. For this case, a detailed comparison and grid search to find the most suitable neural network is performed, searching between multi-layer perceptron, CNN and recurrent networks topologies. In general, the best network was a CNN trained for TPI-WFS reconstruction, achieving better performance than the reconstruction software from TPI-WFS in most of the turbulent profiles, but the most significant improvements were found for higher turbulent profiles that have the lowest r0 values.
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