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                                     Abstract
Common carotid artery (CCA) ultrasound with estimation of Intima Media Thickness (IMT) is the safe and non-invasive technique for predicting the cardiovascular risks. The precise quantification of IMT is useful for evaluating the risk of cardiovascular disease. The presence of speckle noise in carotid ultrasound image reduces the quality of the image and automatic human interpretation. Carotid ultrasound images have multiplicative speckle noise and it is difficult remove compared to the additive noises. The speckle removal filters have a greater restriction in edges and characteristics preservation. In this paper, we propose an extension of our earlier work with a fully automated Region of Interest (ROI) extraction and speckle denoising using optimized bayesian least square estimation (BLSE) approach followed by edge detection. The objective of the paper is to reduce the speckle noise in the extracted ROI of carotid ultrasound images using state-of-art denoising techniques and then followed by edge detection techniques and compared them with the edges extracted by these edge operators of ground truth image. The proposed algorithm experiments with 50 B-mode carotid ultrasound images. Experimental analysis shows that proposed method achieves better results as compared to other edge detection methods in terms of structural similarity Index Map (SSIM), correlation of coefficient (CoC), peak signal to noise ratio (PSNR) and mean square error (MSE) measures. Based on results, proposed work more effective in terms of visual inspection and detail preservation in carotid ultrasound images.
Keywords
	Common carotid artery
	Intima media thickness
	BLSE filter
	Total Variation-\(L_1\) norm
	Edge detection




                                
                            

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

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   84.99
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   109.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                             References
	WHO: World Health Organisation, cardiovascular disease (2013). http://www.who.int/cardiovasculardiseases/en/

	Walker, M.D., Marler, J.R., Goldstein, M., Grady, P.A., Toole, J.F., Baker, W.H., Castaldo, J.E., Chambless, L.E., Moore, W.S., Robertson, J.T., et al.: Endarterectomy for asymptomatic carotid artery stenosis. JAMA 273(18), 1421–1428 (1995)
Article 
    
                    Google Scholar 
                

	Loizou, C.P.: A review of ultrasound common carotid artery image and video segmentation techniques. Med. Biol. Eng. Comput. 52(12), 1073–1093 (2014)
Article 
    
                    Google Scholar 
                

	Baldassarre, D., Amato, M., Bondioli, A., Sirtori, C.R., Tremoli, E.: Carotid artery intima-media thickness measured by ultrasonography in normal clinical practice correlates well with atherosclerosis risk factors. Stroke 31(10), 2426–2430 (2000)
Article 
    
                    Google Scholar 
                

	Molinari, F., Zeng, G., Suri, J.S.: A state of the art review on intima-media thickness (IMT) measurement and wall segmentation techniques for carotid ultrasound. Comput. Methods Programs Biomed. 100(3), 201–221 (2010)
Article 
    
                    Google Scholar 
                

	Kang, J., Lee, J.Y., Yoo, Y.: A new feature-enhanced speckle reduction method based on multiscale analysis for ultrasound B-mode imaging. IEEE Trans. Biomed. Eng. 63(6), 1178–1191 (2016)
Article 
    
                    Google Scholar 
                

	Hassan, N., Akamatsu, N.: A new approach for contrast enhancement using sigmoid function. Int. Arab J. Inf. Technol. 11(1), 22–28 (2009)

                    Google Scholar 
                

	Zuo, C., Chen, Q., Sui, X., Ren, J.: Brightness preserving image contrast enhancement using spatially weighted histogram equalization. Int. Arab J. Inf. Technol. 11(1), 25–32 (2014)

                    Google Scholar 
                

	Coupé, P., Hellier, P., Kervrann, C., Barillot, C.: Nonlocal means-based speckle filtering for ultrasound images. IEEE Trans. Image Process. 18(10), 2221–2229 (2009)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Pandit, A., Sharma, M., Ramsankaran, R.: Comparison of the performance of the newly developed CDWM filter with Enhanced LEE and Enhanced Frost Filters over the SAR image. In: 2014 9th International Conference on Industrial and Information Systems (ICIIS), pp. 1–5. IEEE (2014)

                        Google Scholar 
                

	Li, X., Zhang, Z.: Ultrasound speckle reducing anisotropic diffusion based on histogram curves matching. J. Med. Imaging Health Inform. 7(1), 137–142 (2017)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Iwasaki, A., Takekawa, H., Okabe, R., Suzuki, K., Okamura, M., Nishihira, T., Suzuki, A., Tsukahara, Y., Hirata, K.: Increased maximum common carotid intima-media thickness is associated with smoking and hypertension in Tochigi Prefecture residents. J. Med. Ultrason. 44, 315–321 (2017)
Article 
    
                    Google Scholar 
                

	Maini, R., Aggarwal, H.: Study and comparison of various image edge detection techniques. Int. J. Image Process. (IJIP) 3(1), 1–11 (2009)

                    Google Scholar 
                

	Canny, J.: A computational approach to edge detection. IEEE Trans. Pattern Anal. Mach. Intell. 8(6), 679–698 (1986)
Article 
    
                    Google Scholar 
                

	Muthukrishnan, R., Radha, M.: Edge detection techniques for image segmentation. Int. J. Comput. Sci. Inf. Technol. 3(6), 259 (2011)

                    Google Scholar 
                

	Haider, W., Malik, M.S., Raza, M., Wahab, A., Khan, I.A., Zia, U., Tanveer, J., Bashir, H.: A hybrid method for edge continuity based on pixel neighbors pattern analysis (PNPA) for remote sensing satellite images. Int. J. Commun. Netw. Syst. Sci. 5(09), 624 (2012)

                    Google Scholar 
                

	Heath, M., Sarkar, S., Sanocki, T., Bowyer, K.: Comparison of edge detectors: a methodology and initial study. In: 1996 IEEE Computer Society Conference on Computer Vision and Pattern Recognition, Proceedings CVPR 1996, pp. 143–148. IEEE (1996)

                        Google Scholar 
                

	Srivastava, R., Gupta, J., Parthasarthy, H.: Comparison of PDE based and other techniques for speckle reduction from digitally reconstructed holographic images. Opt. Lasers Eng. 48(5), 626–635 (2010)
Article 
    
                    Google Scholar 
                

	Cyprus: E-health laboratory \(cs\) department (2007). www.medinfo.cs.ucy.ac.cy/index.php/downloads/datasets

	Loizou, C.P., Pattichis, C.S., Pantziaris, M., Tyllis, T., Nicolaides, A.: Snakes based segmentation of the common carotid artery intima media. Med. Biol. Eng. Comput. 45(1), 35–49 (2007)
Article 
    
                    Google Scholar 
                

	Ghita, O., Ilea, D.E., Whelan, P.F.: Texture enhanced histogram equalization using \(TV-L1\) image decomposition. IEEE Trans. Image Process. 22(8), 3133–3144 (2013)
Article 
    
                    Google Scholar 
                

	Jun, O.: A threshold selection method from gray-scale histograms. IEEE Trans. Syst. Man Cybern. 9(1), 62–66 (1988)

                    Google Scholar 
                

	Nagaraj, Y., et al.: Segmentation of Intima Media Complex from Carotid Ultrasound Images using Wind Driven Optimization Technique, Biomedical Signal Processing and Control (2017). https://doi.org/10.1016/j.bspc.2017.08.009

	Wong, A., Mishra, A., Bizheva, K., Clausi, D.A.: General Bayesian estimation for speckle noise reduction in optical coherence tomography retinal imagery. Opt. Express 18(8), 8338–8352 (2010)
Article 
    
                    Google Scholar 
                

	Nagaraj, Y., Asha, C., Narasimhadhan, A.: Assessment of speckle denoising in ultrasound carotid images using least square Bayesian estimation approach. In: 2016 IEEE Region 10 Conference (TENCON), pp. 1001–1004. IEEE (2016)

                        Google Scholar 
                

	Taniguchi, N., Nagatsuka, K., Harada, R., Hirai, T., Fushimi, E., Yasaka, M.: Standard method for ultrasound evaluation of carotid artery lesions. J. Med. 36, 219–226 (2009)

                    Google Scholar 
                

	Lee, J.-S.: Speckle suppression and analysis for synthetic aperture radar images. Opt. Eng. 25(5), 255636 (1986)
Article 
    
                    Google Scholar 
                

	Yu, Y., Acton, S.T.: Speckle reducing anisotropic diffusion. IEEE Trans. Image Process. 11(11), 1260–1270 (2002)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Wasserstein, R.L., Lazar, N.A.: The ASA’s statement on p-values: context, process, and purpose. Am. Stat. 70(2), 129–133 (2016)
Article 
    MathSciNet 
    
                    Google Scholar 
                


Download references




 Acknowledgement
The authors would like to thank Department of Radiology, Father Muller Hospital, Mangalore for valuable contribution in collecting B-mode longitudinal ultrasound images of the patients.


 Author information
Authors and Affiliations
	National Institute of Technology Karnataka, Surathkal, India
Y. Nagaraj & A. V. Narasimhadhan


Authors	Y. NagarajView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. V. NarasimhadhanView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Y. Nagaraj .


 Editor information
Editors and Affiliations
	Indian Institute of Technology Mandi, Mandi, Himachal Pradesh, India
Renu Rameshan 

	Indraprastha Institute of Information Technology, New Delhi, India
Chetan Arora 

	Indian Institute of Technology, New Delhi, India
Sumantra Dutta Roy 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2018 Springer Nature Singapore Pte Ltd.


 About this paper
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this paper
Nagaraj, Y., Narasimhadhan, A.V. (2018).  Comparison of Edge Detection Algorithms in the Framework of Despeckling Carotid Ultrasound Images Based on Bayesian Estimation Approach.

                     In: Rameshan, R., Arora, C., Dutta Roy, S. (eds) Computer Vision, Pattern Recognition, Image Processing, and Graphics. NCVPRIPG 2017. Communications in Computer and Information Science, vol 841. Springer, Singapore. https://doi.org/10.1007/978-981-13-0020-2_37
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-981-13-0020-2_37

	Published: 26 April 2018

	
                            Publisher Name: Springer, Singapore

	
                                Print ISBN: 978-981-13-0019-6

	
                                Online ISBN: 978-981-13-0020-2

	eBook Packages: Computer ScienceComputer Science (R0)


Share this paper
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
                            







 Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                            
                                
                                    
                                        
                                            Access via your institution
                                            
                                                
                                            
                                        
                                    

                                
                            
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   84.99
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   109.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					34.228.247.231
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    
    


