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            Abstract
IMAGES of artificial and natural scenes typically contain many highlights generated by mirror-like reflection from glossy surfaces. Until recently, computational models of visual processes have tended to regard highlights as obscuring the structure of the underlying scene. The truth is that, on the contrary, highlights are rich in local geometric information. Here we report that the three-dimensional appearance of a highlight on a computer-simu-lated stereoscopic curved surface affects observers' judgment of surface gloss. We also show that the 3-D appearance of a highlight affects the perception of surface curvature—that is, it can force an ambiguous convex–concave figure to change state. We thus conclude that human visual analysis seems to employ a physical model of the interaction of light with curved surfaces, a model firmly based on ray optics and differential geometry.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Unsupervised learning predicts human perception and misperception of gloss
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 May 2021
                                    

                                

                                Katherine R. Storrs, Barton L. Anderson & Roland W. Fleming

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Material category of visual objects computed from specular image structure
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 June 2023
                                    

                                

                                Alexandra C. Schmid, Pascal Barla & Katja Doerschner

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Gravitational effects of scene information in object localization
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 June 2021
                                    

                                

                                Anna Kosovicheva & Peter J. Bex

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Blake, A. Proc. 9th Int. Joint Conf. on Artif. Intell. 973–976 (1985).

	Blake, A. & Brelstaff, G. J., Proc. 2nd Int. Conf. comp. Vis. 394–403 (Institute of Electrical and Electronics Engineers, Washington DC, 1988).

	Bülthoff, H. H. & Mallot, H. A. J. opt. Soc. Am. 5, 1749–1758 (1988).
Article 
    ADS 
    
                    Google Scholar 
                

	Phong, B. T. Communs. Ass. comput. Mach. 18, 311–317 (1975).

                    Google Scholar 
                

	Beck, J. Surface Color Perception (Cornell University Press, New York, 1972).

                    Google Scholar 
                

	Greenberg, D. P. Science 244, 166–173 (1989).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Mayhew, J. E. W. & Longuet-Higgins, H. C. Nature 297, 376–379 (1982).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Blake, A. & Bülthoff, H. H. Artificial Intelligence Lab Memo 1149 (Massachusetts Institute of Technology, Cambridge, Massachusetts, 1989).

                    Google Scholar 
                

	Ramachandran, V. Nature 331, 163–166 (1988).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Koenderink, J. J. & van Doorn, A. J. Optica Acta 27, 7, 981–996 (1976).
Article 
    ADS 
    
                    Google Scholar 
                

	Mayhew, J. E. W. & Frisby, J. P. Artif. Intel. J. 17, 349–385 (1981).
Article 
    
                    Google Scholar 
                

	Koenderink, J. J. & van Doorn, A. J. Biol. Cybern. 21, 29–35 (1976).
Article 
    CAS 
    
                    Google Scholar 
                

	Zisserman, A., Giblin, P. & Blake, A. Image Vis. Comput. 7, 38–42 (1989).
Article 
    
                    Google Scholar 
                


Download references




Author information
Author notes	Heinrich Bülthoff
Present address: Department of Cognitive and Linguistic Sciences, Brown University, Box 1978, Providence, Rhode Island, 02912, USA


Authors and Affiliations
	Department of Engineering Science, University of Oxford, Parks Road, Oxford, 0X1 3PJ, UK
Andrew Blake

	Center for Biological Information Processing, Department of Brain and Cognitive Science, Massachusetts Institute of Technology, Cambridge, Massachusetts, 02139, USA
Heinrich Bülthoff


Authors	Andrew BlakeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Heinrich BülthoffView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Blake, A., Bülthoff, H. Does the brain know the physics of specular reflection?.
                    Nature 343, 165–168 (1990). https://doi.org/10.1038/343165a0
Download citation
	Received: 18 May 1989

	Accepted: 17 October 1989

	Issue Date: 11 January 1990

	DOI: https://doi.org/10.1038/343165a0


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Material category of visual objects computed from specular image structure
                                    
                                

                            
                                
                                    	Alexandra C. Schmid
	Pascal Barla
	Katja Doerschner


                                
                                Nature Human Behaviour (2023)

                            
	
                            
                                
                                    
                                        Structure and function of neural circuit related to gloss perception in the macaque inferior temporal cortex: a case report
                                    
                                

                            
                                
                                    	Hidehiko Komatsu
	Akiko Nishio
	Naokazu Goda


                                
                                Brain Structure and Function (2021)

                            
	
                            
                                
                                    
                                        The Highlight Ovals
                                    
                                

                            
                                
                                    	Adrien Bartoli


                                
                                Journal of Mathematical Imaging and Vision (2019)

                            
	
                            
                                
                                    
                                        Do specular highlights and the daylight locus act as cues for estimating illumination color from a single object?
                                    
                                

                            
                                
                                    	Takehiro Nagai
	Shigeyuki Kaneko
	Yasuki Yamauchi


                                
                                Optical Review (2017)

                            
	
                            
                                
                                    
                                        Touch influences perceived gloss
                                    
                                

                            
                                
                                    	Wendy J. Adams
	Iona S. Kerrigan
	Erich W. Graf


                                
                                Scientific Reports (2016)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
