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                    Abstract
Smart grid networks demand reliable, efficient and real-time energy management by exchanging information. Transmitting and receiving information needs a two-way, secure, reliable and high-speed communication infrastructure, which should be capable to handle impulse noise present in power system. Power division non-orthogonal multiple access scheme can fulfill this requirement through its high spectral efficiency. In this paper, we proposed a composite multiple access model based on orthogonal beamforming (OBF) and non-orthogonal multiple access scheme for exchanging information between smart grid, smart meters (SMs) and other communication units in the presence of impulse noise. We divide a cell in sectors and implement OBF between sectors to reduce inter beams interference using orthogonalization. Within the sectors, we implement power division multiple access to utilize maximum bandwidth with the help of successive interference cancelation scheme. Furthermore, to find the effect of impulse noise on performance of proposed model we consider Gaussian and Laplacian models with Bernoulli arrival rate. Simulation and numerical findings show that the proposed method does not cause interference between SMs and offers \(3\;{\text{Mbit}}/\text{s}\) higher data rate than the traditional OFDMA systems leading to better system capacity in case of four SMs in a sector of a cell.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Home Area Network Security in Smart Grid: A Hybrid Model of Wireless and Power Line Communications
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2015
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Power-Domain NOMA for Massive Connectivity in Smart Grid Communication Networks
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Energy-efficient data transmission with proportional rate fairness for NANs of smart grid communication network
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 April 2023
                                    

                                

                                Xiaocheng Wang, Qiaoni Han, … Haogang Ma

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	de Carvalho, R.S.; Sen, P.K.; Ramos, L.F.; Neves Canha, L.: Communication system design for an advanced metering infrastructure. In: 2018 IEEE International Conference on Smart Energy Grid Engineering (SEGE), pp. 62–67, Oshawa, ON (2018). https://doi.org/10.1109/sege.2018.8499505


	Bian, D.; Kuzlu, M.; Pipattanasomporn, M.; Rahman, S.; Shi, D.: Performance evaluation of communication technologies and network structure for smart grid applications (2019). arXiv preprint https://arxiv.org/abs/1901.11509


	Dib, L.D.M.B.A.; Fernandes, V.; Filomeno, M.D.L.; Ribeiro, M.V.: Hybrid PLC/wireless communication for smart grids and internet of things applications. IEEE Internet Things J. 5(2), 655–667 (2018). https://doi.org/10.1109/jiot.2017.2764747

Article 
    
                    Google Scholar 
                

	Dubey, A.; Mallik, R.K.; Schober, R.: Performance of a PLC system in impulsive noise with selection combining. In: 2012 IEEE Global Communications Conference (GLOBECOM), pp. 3508–3512, Anaheim, CA (2012). https://doi.org/10.1109/GLOCOM.2012.6503658


	Dubey, A.; Sharma, D.; Mallik, R.K.; Mishra, S.: Modeling and performance analysis of a PLC system in presence of impulsive noise. In: 2015 IEEE Power & Energy Society General Meeting, pp. 1–5, Denver, CO (2015). https://doi.org/10.1109/PESGM.2015.7286624


	Prakash, S.; Bansal, A.; Jha, S.K.: Performance analysis of narrowband PLC system under Gaussian Laplacian noise model. In: 2016 International Conference on Electrical, Electronics, and Optimization Techniques (ICEEOT), pp. 3597–3600, Chennai (2016). https://doi.org/10.1109/iceeot.2016.7755376


	Ghadimi, S.; Hussian, J.; Sidhu, T.S.; Primak, S.: Effect of impulse noise on wireless relay channel. Wirel. Sens. Netw. 4(6), 167–172 (2012). https://doi.org/10.4236/wsn.2012.46024

Article 
    
                    Google Scholar 
                

	Niranjayan, S.; Beaulieu, N.C.: Analysis of wireless communication systems in the presence of non-Gaussian impulsive noise and Gaussian noise. In: 2010 IEEE Wireless Communication and Networking Conference, pp. 1–6, Sydney, NSW (2010). https://doi.org/10.1109/WCNC.2010.5506444


	Habib, S.; Haque, A.: Impulsive noise mitigation in wireless communication systems using EMD technique. In: 2012 7th International Conference on Electrical and Computer Engineering, pp. 291–294, Dhaka (2012). https://doi.org/10.1109/icece.2012.6471543


	Neagu, O.; Hamouda, W.: Performance of smart grid communication in the presence of impulsive noise. In: 2016 International Conference on Selected Topics in Mobile & Wireless Networking (MoWNeT), pp. 1–5, Cairo (2016). https://doi.org/10.1109/mownet.2016.7496614


	Sarr, N.B.; Yazbek, A.K.; Boeglen, H.; Cances, J.P.; Vauzelle, R.; Gagnon, F.: An impulsive noise resistant physical layer for smart grid communications. In: 2017 IEEE International Conference on Communications (ICC), pp. 1–7, Paris (2017). https://doi.org/10.1109/icc.2017.7996876


	Kwon, Y.M.; Kim, J.S.; Chung, M.Y.; Choo, H.; Lee, T.-J.; Kim, M.: State of the art 3GPP M2M communications toward smart grid. KSII Trans. Internet Inf. Syst. 6(2), 468–479 (2012). https://doi.org/10.3837/tiis.2012.02.001

Article 
    
                    Google Scholar 
                

	Aalamifar, F.; Lampe, L.: Optimized WiMAX profile configuration for smart grid communications. IEEE Trans. Smart Grid 8(6), 2723–2732 (2017). https://doi.org/10.1109/TSG.2016.2536145

Article 
    
                    Google Scholar 
                

	Madueño, G.C.; Nielsen, J.J.; Kim, D.M.; Pratas, N.K.; Stefanović, Č.; Popovski, P.: Assessment of LTE wireless access for monitoring of energy distribution in the smart grid. IEEE J. Sel. Areas Commun. 34(3), 675–688 (2016). https://doi.org/10.1109/JSAC.2016.2525639

Article 
    
                    Google Scholar 
                

	Gözde, H.; Taplamacıoğlu, M.C.; Arı, M.; Shalaf, H.: 4G/LTE technology for smart grid communication infrastructure. In: 2015 3rd International Istanbul Smart Grid Congress and Fair (ICSG), pp. 1–4, Istanbul (2015). https://doi.org/10.1109/SGCF.2015.7354914


	Holfeld, B.; Jaeckel, S.; Thiele, L.; Wirth, T.; Scheppelmann, K.: Smart grid communications: LTE outdoor field trials at 450 MHz. In: 2015 IEEE 81st Vehicular Technology Conference (VTC Spring), pp. 1–5, Glasgow (2015). https://doi.org/10.1109/VTCSpring.2015.7146091


	Meloni, A.; Atzori, L.: The role of satellite communications in the smart grid. IEEE Wirel. Commun. 24(2), 50–56 (2017). https://doi.org/10.1109/MWC.2017.1600251

Article 
    
                    Google Scholar 
                

	Benjebbour, A.; Saito, K.; Li, A.; Kishiyama, Y.; Nakamura, T.: Non-orthogonal multiple access (NOMA): concept, performance evaluation and experimental trials. In: 2015 International Conference on Wireless Networks and Mobile Communications (WINCOM), pp. 1–6, Marrakech (2015). https://doi.org/10.1109/wincom.2015.7381343


	Kim, J.; Lee, J.; Kim, D.; Choi, Y.: System-level performance evaluation for non-orthogonal multiple access in coordinated direct and relay transmission. In: 2017 International Conference on Information and Communication Technology Convergence (ICTC), pp. 1296–1298, Jeju (2017). https://doi.org/10.1109/ictc.2017.8190926


	Ding, Z.; Fan, P.; Poor, H.V.: Impact of user pairing on 5G non orthogonal multiple-access downlink transmissions. IEEE Trans. Veh. Technol. 65(8), 6010–6023 (2016). https://doi.org/10.1109/TVT.2015.2480766

Article 
    
                    Google Scholar 
                

	Xing, H.; Liu, Y.; Nallanathan, A.; Ding, Z.; Poor, H.V.: Optimal throughput fairness tradeoffs for downlink non-orthogonal multiple access over fading channels. IEEE Trans. Wirel. Commun. 17(6), 3556–3571 (2018). https://doi.org/10.1109/TWC.2018.2803177

Article 
    
                    Google Scholar 
                

	Arzykulov, S.; Tsiftsis, T.A.; Nauryzbayev, G.; Abdallah, M.: Outage performance of cooperative underlay CR-NOMA with imperfect CSI. IEEE Commun. Lett. 23(1), 176–179 (2019). https://doi.org/10.1109/LCOMM.2018.2878730

Article 
    
                    Google Scholar 
                

	Yang, P.; Xiao, Y.; Xiao, M.; Ma, Z.: NOMA aided precoded spatial modulation for downlink MIMO transmissions. IEEE J. Sel. Top. Signal Process. (2019). https://doi.org/10.1109/jstsp.2019.2901131

Article 
    
                    Google Scholar 
                

	Li, S.; Li, S.; Sun, Y.: Power allocation for full-duplex NOMA relaying based underlay D2D communications. KSII Trans. Internet Inf. Syst. 13(1), 16–33 (2019). https://doi.org/10.3837/tiis.2019.01.002

Article 
    
                    Google Scholar 
                

	Li, A.; Benjebbour, A.; Chen, X.; Jiang, H.; Kayama, H.: Uplink non-orthogonal multiple access (NOMA) with single-carrier frequency division multiple access (SC-FDMA) for 5G systems. IEICE Trans. Commun. 98(8), 1426–1435 (2015). https://doi.org/10.1587/transcom.E98.B.1426

Article 
    
                    Google Scholar 
                

	Xia, B.; Wang, J.; Xiao, K.; Gao, Y.; Yao, Y.; Ma, S.: Outage performance analysis for the advanced SIC receiver in wireless NOMA systems. IEEE Trans. Veh. Technol. 67(7), 6711–6715 (2018). https://doi.org/10.1109/TVT.2018.2813524

Article 
    
                    Google Scholar 
                

	Riaz, S.; Kim, J.; Park, U.: Evolutionary game theory-based power control for uplink NOMA. KSII Trans. Internet Inf. Syst. 12(6), 2697–2710 (2018). https://doi.org/10.3837/tiis.2018.06.01

Article 
    
                    Google Scholar 
                

	Smith, P.J.; Dmochowski, P.A.; Chiani, M.; Giorgetti, A.: On the number of independent channels in multi-antenna systems. IEEE Trans. Wirel. Commun. 13(1), 75–85 (2014). https://doi.org/10.1109/TWC.2013.111513.121197

Article 
    
                    Google Scholar 
                

	Rayi, P.; Prasad, M.V.S.; Kishore, P.V.V.: Modelling, simulation of multi-user grouping considering channel states in MIMO systems. In: 2015 International Conference on Signal Processing and Communication Engineering Systems, pp. 231–235, Guntur (2015). https://doi.org/10.1109/spaces.2015.7058254


	Shmuel, O.; Cohen, A.; Gurewitz, O.: Performance analysis of opportunistic distributed scheduling in multi-user systems. IEEE Trans. Commun. 66(10), 4637–4652 (2018). https://doi.org/10.1109/TCOMM.2018.2840704

Article 
    
                    Google Scholar 
                

	Maros, M.; Jaldén, J.: ADMM for distributed dynamic beamforming. IEEE Trans. Signal Inf. Process. Netw. 4(2), 220–235 (2018). https://doi.org/10.1109/TSIPN.2017.2681205

Article 
    MathSciNet 
    
                    Google Scholar 
                

	Yuqing, C.; Xiaoyan, L.; Xixia, S.; Pan, S.: Resource allocation in multi-user MIMO-OFDM systems with double-objective optimization. KSII Trans. Internet Inf. Syst. 12(5), 2063–2081 (2018). https://doi.org/10.3837/tiis.2018.05.009

Article 
    
                    Google Scholar 
                

	Lei, L.; Yuan, D.; Ho, C.K.; Sun, S.: Power and channel allocation for non-orthogonal multiple access in 5G systems: tractability and computation. IEEE Trans. Wirel. Commun. 15(12), 8580–8594 (2016). https://doi.org/10.1109/TWC.2016.2616310

Article 
    
                    Google Scholar 
                

	Alkhateeb, A.; Heath, R.W.: Gram Schmidt based greedy hybrid precoding for frequency selective millimeter wave MIMO systems. In: 2016 IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), pp. 3396–3400, Shanghai (2016). https://doi.org/10.1109/icassp.2016.7472307


	Al-Mawali, K.S.; Sadik, A.Z.; Hussain, Z.M.: Time-domain techniques for impulsive noise reduction in OFDM-based power line communications: a comparative study. In: International Conference on Communication, Computer and Power (ICCCP 2009), pp. 368–372 (2009). https://www.researchgate.net/profile/Zahir_Hussain3/publication/265061898


	GPP: Physical layer aspects for evolved UTRA. TR 25.814 (V7.0.0) (2006). https://books.google.com.pk/books?isbn=8132225805



Download references




Author information
Authors and Affiliations
	Bahria University Karachi Campus, Karachi, Pakistan
Muhammad Hussain & Haroon Rasheed


Authors	Muhammad HussainView author publications
You can also search for this author in
                        PubMed Google Scholar



	Haroon RasheedView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Muhammad Hussain.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Hussain, M., Rasheed, H. Performance of Orthogonal Beamforming with NOMA for Smart Grid Communication in the Presence of Impulsive Noise.
                    Arab J Sci Eng 45, 6331–6345 (2020). https://doi.org/10.1007/s13369-020-04457-y
Download citation
	Received: 31 July 2019

	Accepted: 03 March 2020

	Published: 12 March 2020

	Issue Date: August 2020

	DOI: https://doi.org/10.1007/s13369-020-04457-y


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
	Smart grid communication
	Impulse noise
	Non-orthogonal multiple access
	Power division multiple access
	Successive interference cancelation
	Orthogonal frequency division multiple access
	Orthogonal beamforming








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.234.231.192
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    