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                    Abstract
This paper focuses on the enhancement of the images captured in insufficient or non-uniform lighting conditions. Inspired by the self-adjust features of HVS (Human Vision System), a Segmentation-Based Adaptive Image Enhancement (SAIE) method is proposed to improve the visibility of degraded images. First the local characteristics of different parts of each image (called sub-block images) obtained by image segmentation are described by Gaussian curvature, then the parameters of Gaussian filter for each sub-block image are chosen adaptively according to its local characteristics to estimate the illumination component of the whole image accurately. After that, adaptive dynamic range adjustment for the estimated illumination based on global characteristics and contrast enhancement for sub-block images are implemented. Finally, the enhancement result is obtained after color adjustment. The experiments on five typical image sets show that SAIE can provide effective and robust enhancement results. Comparative qualitative and quantitative evaluations with MSRCR, IRME and MSRCR+AL are also provided to demonstrate the efficiency and superiority of the proposed method.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5


Fig. 6


Fig. 7


Fig. 8


Fig. 9



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Globally and locally tuned filtering structure for high contrast intensity degradation
                                        
                                    

                                    
                                        Article
                                        
                                         14 March 2024
                                    

                                

                                Pallavi Singh & Ashish Kumar Bhandari

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        An Image Binarization Segmentation Method Combining Global and Local Threshold for Uneven Illumination Image
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        A new image segmentation technique using bi-entropy function minimization
                                        
                                    

                                    
                                        Article
                                        
                                         21 December 2017
                                    

                                

                                Kuntal Chowdhury, Debasis Chaudhuri & Arup Kumar Pal

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Narasimhan K, Sudarshan CR, Nagarajan R (2011) A comparison of contrast enhancement techniques in poor illuminated gray level and color images. Int J Comput Appl 25(2):17–25

                    Google Scholar 
                

	Tsai K, Ma JW, Ye DT (2012) Curvelet processing of MRI for local image enhancement. Int J Numer Methods Biomed Eng 28(6):661–670
Article 
    
                    Google Scholar 
                

	Zhang W, Cham WK (2012) Gradient-directed multiexposure composition. IEEE Trans Image Process 21(4):2318–2323
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Hao S, Pan D, Guo YR, Hong RC, Wang M (2015) Image detail enhancement with spatially guided filters. Signal Process 120:789–796
Article 
    
                    Google Scholar 
                

	Hao SJ, Guo YR, Hong RC, Wang M (2016) Scale-aware spatially guided mapping by combining multiple level-of-details. IEEE Multimedia. doi:10.1109/MMUL.2016.17
                        

                    Google Scholar 
                

	Hong R, Zhang L, Tao D (2016) Unified photo enhancement by discovering aesthetic communities from flickr. IEEE Trans Image Process 25(3):1124–1135
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Zhang L, Wang M, Nie L, Hong L, Rui Y, Tian Q (2015) Retargeting semantically-rich photos. IEEE Trans Multimedia 17(9):1
Article 
    
                    Google Scholar 
                

	Wang XZ (2015) Uncertainty in learning from big data-editorial. J Intell Fuzzy Syst 28(5):2329–2330
Article 
    
                    Google Scholar 
                

	Lu SX, Wang XZ, Zhang GQ, Zhou X (2015) Effective algorithms of the Moore–Penrose inverse matrices for extreme learning machine. Intell Data Anal 19(4):743–760
Article 
    
                    Google Scholar 
                

	Wang XZ, Ashfaq RAR, Fu AM (2015) Fuzziness based sample categorization for classifier performance improvement. J Intell Fuzzy Syst 29(3):1185–1196
Article 
    MathSciNet 
    
                    Google Scholar 
                

	He YL, Wang XZ, Huang JZX (2016) Fuzzy nonlinear regression analysis using a random weight network. Inf Sci  364–365:222–240
Article 
    
                    Google Scholar 
                

	Ashfaq RAR, Wang XZ, Huang JZX, Abbas H, He YL (2016) Fuzziness based semi-supervised learning approach for intrusion detection system (IDS). Inf Sci. doi:10.1016/j.ins.2016.04.019
                        

                    Google Scholar 
                

	Land EH (1986) An alternative technique for the computation of the designator in the retinex theory of color vision. Proc Natl Acad Sci 83(10):3078–3080
Article 
    
                    Google Scholar 
                

	Rahman ZU, Jobson DJ, Woodell GA (1996) Multi-scale retinex for color image enhancement. International conference on image processing IEEE, 1003–1006

	Choudhury A, Medioni G (2011) Perceptually motivated automatic sharpness enhancement using hierarchy of non-local means. IEEE international conference on computer vision work-shops (ICCVWorkshops) IEEE, 730–737

	Lyu GH, Huang H, Yin H, Luo SW, Jiang XL (2014) A novel visual perception enhancement algorithm for high-speed railway in the low light condition. IEEE 12th international conference on signal processing IEEE, 1022–1025

	Lu Y, Xie F, Wu Y, Jiang Z, Meng R (2015) No reference uneven illumination assessment for dermoscopy images. Signal Process Lett 22(5):534–538
Article 
    
                    Google Scholar 
                

	Jobson DJ, Rahman Z, Woodell GA (1997) A multiscale retinex for bridging the gap between color images and the human observation of scenes. IEEE Trans Image Process 16(7):965–976
Article 
    
                    Google Scholar 
                

	Tao L, Asar V (2003) Modified luminance based MSR for fast and efficient image enhancement. IEEE 32nd applied imagery pattern recognition workshop IEEE

	Ngo HT, Zhang M, Tao L (2009) Design of a high performance architecture for real-time enhancement of video stream captured in extremely low lighting environment. Microprocess Microsyst 33(4):273–280
Article 
    
                    Google Scholar 
                

	Nam YO, Choi DY, Song BC (2014) Power constrained contrast enhancement algorithm using multiscale retinex for OLED display. IEEE Trans Image Process 23(8):3308–3320
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Jiang B, Woodell GA, Jobson DJ (2014) Novel multi-scale retinex with color restoration on graphics processing unit. J Real Time Image Process 10(2):239–253
Article 
    
                    Google Scholar 
                

	Guarnieri G, Marsi S, Ramponi G (2011) High dynamic range image display with halo and clipping prevention. IEEE Trans Image Process 20(5):1351–1362
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Kimmel R, Elad M, Shaked D (2003) A variational frame-work for retinex. Int J Comput Vis 52(1):7–23
Article 
    MATH 
    
                    Google Scholar 
                

	Wang L, Xiao L, Liu H (2014) Variational bayesian method for retinex. IEEE Trans Image Process 23(8):3381–3396
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Laurence M, Sabine S (2006) High dynamic range image rendering with a retinex-based adaptive filter. IEEE Trans Image Process 15(9):2820–2830
Article 
    
                    Google Scholar 
                

	Wang Y, Wang H, Yin C, Dai M (2015) Biologically inspired image enhancement based on retinex. Neurocomputing 177:373–384
Article 
    
                    Google Scholar 
                

	Nguyen HT, Worring M, Van Boomgaard DBR (2003) Watersnakes: energy-driven watershed segmentation. IEEE Trans Pattern Anal Mach Intell 25(3):330–342
Article 
    
                    Google Scholar 
                

	Kronenberger M, Wirjadi O, Freitag J (2015) Gaussian curvature using fundamental forms for binary voxel data. Graph Models 82(C):123–136
Article 
    
                    Google Scholar 
                

	Ebner M (2003) Combining white-patch retinex and the gray world assumption to achieve color constancy for multiple illuminants. Lect Notes Comput Sci 2781:60–67
Article 
    
                    Google Scholar 
                

	Barnard K, Martin L, Coath A, Funt B (2002) A comparison of computational color constancy algorithms—part ii: experiments with image data. IEEE Trans Image Process 11(9):985–996
Article 
    
                    Google Scholar 
                

	Jobson DJ, Rahman Z, Woodell GA (2002) Statistics of visual representation. Visual Inf Process 21(2):25–35

                    Google Scholar 
                


Download references




Acknowledgments
This work is supported by National Nature Science Foundation of China (61472029, U1234211, 61473031,61273364, 61272354 and 61300176), Beijing Natural Science Foundation (4152042).


Author information
Author notes
Authors and Affiliations
	Beijing Key Lab of Transportation Data Analysis and Mining, Beijing Jiaotong University, Beijing, 100044, China
Hui Yin, Guohao Lyu & Chenglong Li

	Department of Mathematics, Linfield College, McMinnville, OR, 97128, USA
Xiaoyue Luo


Authors	Hui YinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guohao LyuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiaoyue LuoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chenglong LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hui Yin.


Additional information
H. Yin and G. Lyu contributed equally to this study and share first authorship.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Yin, H., Lyu, G., Luo, X. et al. A segmentation-based adaptive image enhancement method inspired by the self-adjust features of HVS.
                    Int. J. Mach. Learn. & Cyber. 8, 1895–1905 (2017). https://doi.org/10.1007/s13042-016-0567-2
Download citation
	Received: 30 May 2015

	Accepted: 02 July 2016

	Published: 23 July 2016

	Issue Date: December 2017

	DOI: https://doi.org/10.1007/s13042-016-0567-2


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
	Image enhancement
	Illuminance estimation
	Segmentation based approach
	Color recovery
	Gaussian curvature








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.198.126.36
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    