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                     Abstract
This chapter is concerned with fractional-order consensus problem in multi-agent systems. A brief introduction of fractional-order calculus is given in Sect. 9.1. The design of observer for consensus of a linear fractional-order multi-agent system is discussed in Sect. 9.2. Section 9.3 considers a multi-agent system consisting of second-order leader and fractional-order followers where a necessary and sufficient condition of tracking consensus is derived by using only the relative local position information of neighboring agents. The stabilization consensus problem of uncertain fractional-order multi-agent system is investigated in Sect. 9.4.
Keywords
	Fractional Calculus
	Consensus Problem
	Communication Topology
	Feedback Gain Matrix
	Directed Span Tree

These keywords were added by machine and not by the authors. This process is experimental and the keywords may be updated as the learning algorithm improves.




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

                            

                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        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 
       
       
     

    

    
     	
       
        Hardcover Book
      
	
       USD 109.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    
                        
                    

                    

                    

                     References
	Yu, W., Chen, G., Wang, Z., Yang, W.: Distributed consensus filtering in sensor networks. IEEE Trans. Syst. Man Cybern.-Part B 39(6), 1568–1577 (2009)
Article 
    
                    Google Scholar 
                

	Haghighi, R., Cheah, C.: Multi-group coordination control for robot swarms. Automatica 48(10), 2526–2534 (2012)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Reynolds, C.: Flocks, herds and schools: a distributed behavioral model. Comput. Graph. 21(4), 25–34 (1987)
Article 
    
                    Google Scholar 
                

	Vicsek, T., Czirk, A., Ben-Jacob, E., Cohen, I., Shochet, O.: Novel type of phase transition in a system of self-driven particles. Phys. Rev. Lett. 75(6), 1226–1229 (1995)
Article 
    
                    Google Scholar 
                

	Li, Z., Duan, Z., Chen, G., Huang, L.: Consensus of multiagent systems and sychronization of complex networks: a unified viewpoint. IEEE Trans. Circuits Syst. I: Regul. Pap. 57(1), 213–224 (2010)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Wen, G., Duan, Z., Li, Z., Chen, G.: Consensus tracking of nonlinear multi-agent systems with switching directed topologies. In: The 12th International Conference on Control Automation Robotics and Vision, pp. 889–894 (2012)

                        Google Scholar 
                

	Zhao, Y., Duan, Z., Chen, G.: Finite-time consensus tracking for multi-agent systems with settling time estimation. In: The 33rd Chinese Control Conference, pp. 1132–1137 (2014)

                        Google Scholar 
                

	Wen, G., Duan, Z., Chen, G., Yu, W.: Consensus tracking of multi-agent systems with Lipschitz-type node dynamics and switching topologies. IEEE Trans. Circuits Syst. I: Regul. Pap. 61(2), 499–511 (2014)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Li, Z., Duan, Z., Xie, L., Liu, X.: Distributed robust control of linear multi-agent systems with parameter uncertainties. Int. J. Control 85(8), 1039–1050 (2012)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Hong, Y., Hu, J., Gao, L.: Tracking control for multi-agent consensus with an active leader and variable topology. Automatica 42(7), 1177–1182 (2006)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Ren, W., Beard, R.: On consensus algorithms for double-integrator dynamics. IEEE Trans. Autom. Control 53(6), 77–104 (2008)
Article 
    
                    Google Scholar 
                

	Ren, W., Atkins, E.: Distributed multi-vehicle coordinated control via local information exchange. Int. J. Robust Nonlinear Control 17(10–11), 1002–1033 (2007)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Hu, G.: Robust consensus tracking of a class of second-order multi-agent dynamic systems. In: IEEE Conference on Decision and Control, pp. 3214–3220 (2010)

                        Google Scholar 
                

	Yu, W., Chen, G., Cao, M.: Some necessary and sufficient conditions for second-order consensus in multi-agent dynamical systems. Automatica 46(6), 1089–1095 (2010)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Yu, W., Chen, G., Cao, M., Kurths, J.: Second-order consensus for multi-agent systems with directed topologies and nonlinear dynamics. IEEE Trans. Syst. Man Cybern.-Part B 40(3), 881–891 (2010)
Article 
    
                    Google Scholar 
                

	Bagley, R., Torvik, P.: On the fractional calculus model of viscoelastic behavior. J. Rheol. 30(1), 133–155 (1986)
Article 
    
                    Google Scholar 
                

	Cao, Y., Li, Y., Ren, W., Chen, Y.: Distributed coordination of networked fractional-order systems. IEEE Trans. Syst. Man Cybern.-Part B 40(2), 362–370 (2010)
Article 
    
                    Google Scholar 
                

	Cao, Y., Ren, W.: Distributed formation control for fractional-order systems: dynamic interaction and absolute/relative damping. Syst. Control Lett. 59(3–4), 233–240 (2010)
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Li, J., Lu, J.G., Chen, Y.: Robust decentralized control of perturbed fractional-order linear interconnected systems. Comput. Math. Appl. 66(5), 844–859 (2013)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Moze, M., Sabatier, J., Oustaloup, A.: LMI tools for stability analysis of fractional systems. In: 20th ASME IEDTC/CIE. Long Beach, California, USA (2005)

                        Google Scholar 
                

	Sabatier, J., Moze, M., Farges, C.: On stability of fractional order systems. In: Third IFAC Workshop on Fractional Differentiation and its Applications FDA’08. Ankara, Turkey (2008)

                        Google Scholar 
                

	Zhang, H., Feng, G., Yan, H., Chen, Q.: Observer based output feedback even-triggered control for consensus of multi-agent system. IEEE Trans. Ind. Electron. 61(9), 4885–4894 (2014)
Article 
    
                    Google Scholar 
                

	Zhang, Y., Gao, L., Tong, C.: On distributed reduced-order observer-based protocol for linear multi-agent consensus under switching topology. Abstr. Appl. Anal., Article ID 793276 (2013)

                        Google Scholar 
                

	Zhao, Y., Wen, G., Duan, Z., Xu, X., Chen, G.: A new observer type consensus protocol for linear multi-agent dynamical systems. Asian J. Control 15(3), 1–12 (2013)
MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Horn, R.A., Johnson, C.R.: Matrix Analysis. Cambridge University Press, Cambridge (1985)
Book 
    MATH 
    
                    Google Scholar 
                

	Brualdi, R.A., Ryser, H.J.: Combinatorial Matrix Theory. Cambridge University Press, Cambridge (1991)
Book 
    MATH 
    
                    Google Scholar 
                

	Bernstein, D.: Matrix Mathematics: Theory, Facts, and Formulas. Princeton University Press, Princeton (2009)
Book 
    
                    Google Scholar 
                

	Fuentes-Fernndez, R., Guijarro, M., Pajares, G.: A multi-agent system architecture for sensor networks. Sensors 9(12), 10244–10269 (2009)
Article 
    MATH 
    
                    Google Scholar 
                


Download references




 Acknowledgments
This work was supported by the National Science Fund for Excellent Young Scholars under Grant No. 61322302, the National Natural Science Foundation of China under Grant No. 61304168, the Six Talent Peaks of Jiangsu Province of China under Grant No. 2014-DZXX-004, and the Fundamental Research Funds for the Central Universities of China.


 Author information
Authors and Affiliations
	Department of Mathematics, Southeast University, Nanjing, 210096, Jiangsu Province, People’s Republic of China
Wenwu Yu, Guanghui Wen & Yang Li


Authors	Wenwu YuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guanghui WenView author publications
You can also search for this author in
                        PubMed Google Scholar



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





Corresponding author
Correspondence to
                Wenwu Yu .


 Editor information
Editors and Affiliations
	Institute of Systems Science, Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing, China
Jinhu Lü 

	School of Electrical and Computer Engineering, RMIT University, Melbourne, Australia
Xinghuo Yu 

	Department of Electronic Engineering, City University of Hong Kong, Hong Kong, China
Guanrong Chen 

	Department of Mathematics, Southeast University, Nanjing, China
Wenwu Yu 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2016 Springer-Verlag Berlin Heidelberg


 About this chapter
Cite this chapter
Yu, W., Wen, G., Li, Y. (2016).  Application of Fractional-Order Calculus in a Class of Multi-agent Systems.

                     In: Lü, J., Yu, X., Chen, G., Yu, W. (eds) Complex Systems and  Networks. Understanding Complex Systems. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-662-47824-0_9
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-662-47824-0_9

	Published: 15 August 2015

	
                            Publisher Name: Springer, Berlin, Heidelberg

	
                                Print ISBN: 978-3-662-47823-3

	
                                Online ISBN: 978-3-662-47824-0

	eBook Packages: EngineeringEngineering (R0)


Share this chapter
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 this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        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 
       
       
     

    

    
     	
       
        Hardcover Book
      
	
       USD 109.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.231.207.239
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    



