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                    Abstract
Regular Gabor frames for \({\boldsymbol {L}{^{2}}(\mathbb {R}^d)}\) are obtained by applying time-frequency shifts from a lattice in \(\boldsymbol {\Lambda } \vartriangleleft {\mathbb {R}^{d} \times \mathbb {\widehat {R}}}\) to some decent so-called Gabor atom g, which typically is something like a summability kernel in classical analysis, or a Schwartz function, or more generally some \(g \in {\boldsymbol {S}_{0}(\mathbb {R}^{d})}\). There is always a canonical dual frame, generated by the dual Gabor atom \({\widetilde g}\). The paper promotes a numerical approach for the efficient calculation of good approximations to the dual Gabor atom for general lattices, including the non-separable ones (different from \({a\mathbb {Z}^{d}\,{\times }\,b\mathbb {Z}^{d}}\)). The theoretical foundation for the approach is the well-known Wexler-Raz biorthogonality relation and the more recent theory of localized frames. The combination of these principles guarantees that the dual Gabor atom can be approximated by a linear combination of a few time-frequency shifted atoms from the adjoint lattice \(\boldsymbol {\Lambda }\circ\). The effectiveness of this approach is justified by a new theoretical argument and demonstrated by numerical examples.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Orbits of bounded bijective operators and Gabor frames
                                        
                                    

                                    
                                        Article
                                        
                                         20 May 2020
                                    

                                

                                Rosario Corso

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        On Partition of Unities Generated by Entire Functions and Gabor Frames in $$ L^2({\mathbb R}^d) $$ and $$\ell ^2({\mathbb Z}^d)$$
                                        
                                    

                                    
                                        Article
                                        
                                         21 December 2015
                                    

                                

                                Ole Christensen, Hong Oh Kim & Rae Young Kim

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Nonstationary Gabor frames - approximately dual frames and reconstruction errors
                                        
                                    

                                    
                                        Article
                                        
                                         30 April 2014
                                    

                                

                                Monika Dörfler & Ewa Matusiak

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Balazs, P., Feichtinger, H.G., Hampejs, M., Kracher, G.: Double preconditioning for Gabor frames. IEEE Trans. Sign.Proc. 54(12), 4597–4610 (2006)
Article 
    MATH 
    
                    Google Scholar 
                

	Casazza, P.G., Christensen, O.: Riesz frames and approximation of the frame coefficients. Approx. Theory Appl. 14(2), 1–11 (1998)
MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Feichtinger, H.G., Christensen, O.: New efficient methods for Gabor analysis. In: SPIE Conference Visual Commission, vol. SPIE 2904, pp. 987–998. Boston (1993)

	Christensen, O., Laugesen, R.: Approximately dual frame pairs in Hilbert spaces and applications to Gabor frames. Sampl. Theory Sig. Image Process. 9(1–3), 77–89 (2010)
MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Christensen, O.: An Introduction to Frames and Riesz Bases, Applied and Numerical Harmonic Analysis. Birkhäuser, Boston (2003)

                    Google Scholar 
                

	de Gosson, M.A., Onchis, D.: Multivariate symplectic Gabor frames with Gaussian windows. (preprint) (2012)

	Feichtinger, H.G.: On a new Segal algebra. Monatsh. Math. 92, 269–289 (1981)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Feichtinger, H.G.: Pseudo-inverse matrix methods for signal reconstruction from partial data. In: Proceedings SPIE 1606, Visual Communications and Image Processing ’91: Image Processing, 766 (November 1, 1991) doi:10.1117/12.50390 (1991)

	Feichtinger, H.G., Janssen, A.J.E.M.: Validity of WH-frame bound conditions depends on lattice parameters. Appl. Comput. Harmon. Anal. 8(1), 104–112 (2000)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Feichtinger, H.G., Kozek, W.: Quantization of TF lattice-invariant operators on elementary LCA groups. In: Feichtinger, H.G., Strohmer, T. (eds.) Gabor Analysis and Algorithms. Theory and Applications, Applied and Numerical Harmonic Analysis, pp. 233–266. Birkhäuser, Boston (1998)

                    Google Scholar 
                

	Feichtinger, H.G., Luef, F.: Wiener amalgam spaces for the Fundamental Identity of Gabor Analysis. Collect. Math. 57, 233–253 (2006)
MathSciNet 
    
                    Google Scholar 
                

	Feichtinger, H.G., Zimmermann, G.: A Banach space of test functions for Gabor analysis. In: Feichtinger, H.G., Strohmer, T. (eds.) Gabor Analysis and Algorithms: Theory and Applications, Applied and Numerical Harmonic Analysis, pp. 123–170. Birkhäuser, Boston

	Gröchenig, K.: Foundations of Time-Frequency Analysis Applied Numerical Harmonic Analysis. Birkhäuser, Boston (2001)

                    Google Scholar 
                

	Gröchenig, K.: Localization of frames, Banach frames, and the invertibility of the frame operator. J. Fourier Anal. Appl. 10(2), 105–132 (2004)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Gröchenig, K., Leinert, M.: Wiener’s lemma for twisted convolution and Gabor frames. J. Amer. Math. Soc. 17, 1–18 (2004)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Gröchenig, K., Leinert, M.: Symmetry and inverse-closedness of matrix algebras and symbolic calculus for infinite matrices. Trans. Amer. Math. Soc. 358, 2695–2711 (2006)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Kaiblinger, N.: Approximation of the Fourier transform and the dual Gabor window. J. Fourier Anal. Appl. 11(1), 25–42 (2005)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Onchis, D., Sanchez, E.: The flexible Gabor-wavelet transform for car crash signal analysis. Int. J. Wavelets Multiresolut. Inf. Process. 7(4), 481–490 (2009)
Article 
    MATH 
    
                    Google Scholar 
                

	Reiter, H., Stegeman, J.D.: Classical Harmonic Analysis and Locally Compact Groups, 2nd ed. Clarendon Press, Oxford (2000)

	Strohmer, T.: Approximation of dual Gabor frames, window decay, and wireless communications. Appl. Comput. Harmon. Anal. 11(2), 243–262 (2001)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Yosida, K.: Functional Analysis. Classics in Mathematics, Representative of the 6th edn. Springer-Verlag, Berlin (1994)


Download references




Author information
Authors and Affiliations
	NuHAG, Faculty of Mathematics, University of Vienna, Oskar-Morgenstern-Platz 1, Vienna, A-1090, Austria
Hans G. Feichtinger & Darian M. Onchis

	Faculty of Applied Mathematics, AGH University of Science and Technology, Al. Mickiewicza 30, 30-059, Krakow, Poland
Anna Grybos


Authors	Hans G. FeichtingerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anna GrybosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Darian M. OnchisView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Darian M. Onchis.


Additional information
Communicated by: Peter Maass, Hans G. Feichtinger, Bruno Torresani, Darian M. Onchis, Benjamin Ricaud and David Shuman
The research of Hans G. Feichtinger and Darian M. Onchis has been (partially) supported by EU FET Open grant UNLocX (255931). The research of Anna Grybos has been partially supported by the Polish Ministry of Science and Higher Education.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Feichtinger, H.G., Grybos, A. & Onchis, D.M. Approximate dual Gabor atoms via the adjoint lattice method.
                    Adv Comput Math 40, 651–665 (2014). https://doi.org/10.1007/s10444-013-9324-1
Download citation
	Received: 16 November 2012

	Accepted: 18 September 2013

	Published: 29 September 2013

	Issue Date: June 2014

	DOI: https://doi.org/10.1007/s10444-013-9324-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Gabor frames
	Approximate dual atom
	Wexler-Raz duality
	Janssen representation
	Riesz basis
	Adjoint lattice

Mathematics Subject Classifications
	42C15
	65T99
	11K70
	 65D15








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.174.142.103
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    