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Abstract: In this paper, a novel methodology based on Parallel Neural Digital Filter (PNDF) for voltage 

unbalance and harmonic compensation is presented. The unbalance and harmonics voltages  in the microgrid 

due to the unbalanced and non linear  may cause severe power quality issues in the system.Non linearity arising 

out of the these loads connected at PCC is effectively andaccurately estimated using parallel neural digital filter 

(PNDF). Use of PNDF reduces computations even for highly non linear control conditions. 
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1. Introduction 
It is universally established fact that use of fossil fuels is major cause of concern for degradation of 

environmental conditions.  Since renewable energy is available in abundance in the form of solar energy, wind 

energy, tidal energy and geo thermal energy etc. With the advancement in the field of power electronics 

technology, now a days it has become economic and efficient to harness the renewable energy available 

naturally and convert in the most usable form of energy i.e. electrical energy. The concept of microgrid is an 

appropriate technique  foran effective integration the Renewable energy Resources to cater to the local load 

demands as well as supporting the grid in case of grid tied systems. Microgrids are formed by integrating 

various distributed generators available locally such as solar photo voltaic systems (SPV), Wind Energy 

Conversion Systems(WECS), fuel cells, battery storage systems, super capacitors etc and local loads such as 

lighting loads, air conditioners, refrigerators etc[1,2]. 

 Distributed Generators (DGs) can be considered as DC sources because most of the DGs give out DC 

power while DGs producing AC can easily be converted to DC using AC/DC converters. These Distributed 

Generators are integrated in microgrid through Voltage Source Inverters (VSIs). Microgrids operated in grid 

connected mode operates without much difficulty while supplying nonlinear, unbalanced and single phase loads 

at PCC. Thisease of operation is due to the support from main grid. At the same under the conditions where 

main grid is off i.e microgrid is in islanded condition, It causes severe problems on account of     unbalance 

voltages, harmonics voltages and other power quality issues[2-5]. Since microgrid is an inertia less systems, 

cannot survive to highly polluted conditions at PCC. At the same time equipment connected at PCC as load 

undergo unhealthy operation resulting in over voltage, overheating, over current and excessive vibrations due to 

flow of negative sequence currents. The presence of single phase loads across two phases or connected between 

one phase and neutral is the major cause of voltage unbalances. Conventionally, the voltage unbalance 

compensation is achieved by installing Active Power Filters (APF). In literature lot of work is available on 

achieving voltage unbalance compensation through feeding negative sequence voltage in series with distribution 

line in case of using a series active power filter[6-9]. In literature Installation of active power filters (APF) are 

recommended in distributions systems to mitigate these issues. [6-9]. However, there are some works on 

achieving voltage unbalance compensation by injecting negative sequence current when using shunt active 

power filters [10-14]. But there is a maximum current limit for an active filter to inject, In case of severe 

unbalance current injection may be high even more than the maximum current limit. Further active power filters 

are not suitable to install near Distributed Generators on account of cost economy and failure to share proper 

amount of reactive power among other inverters operating in parallel. In [15],DG is proposed to inject negative 

sequence current for mitigation of voltage unbalance effect. Conventional PI, RC and Repetitive controller fails 

to achieve desired unbalance and harmonic mitigation under high non-linearity in control parameters[16-19] 

 In actual practice microgrids are not properly decoupled or are weakly coupled. Because of poor 

decoupling conventional linear adaptive neural filters are not applicable. Replacing linear adaptive digital filters 

with non-linear adaptive neural filter (PNDF) offers reduced computation and better filtering of harmonicsdue to 

their inherent capability to perform excellently even under the conditions of high non-linearity. 

 

2. Brief overview of microgrid 
A microgrid is capable to serve local load even under main grid outages. Thus, the microgrid should have its 

own distributed generation, transmission and distribution network localized to a much smaller geographical area 

as compared to the area under main grid. Any typical microgrid has several distributed generators (DGs) 

connected  in parallel through voltage source inverters (VSIs) to form an AC network. Microgrid mainly 
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comprises Renewable Energy Resources (RES) based generation such as Wind Energy Conversion Systems 

(WECS), solar photovoltaic system (SPV),  and small capacity battery energy storage system (BES). The load 

can be a three phase as well as single phase that can have both balanced and unbalanced profile. Since, a 

microgrid has a very less or no inertia, resulting in larger impact even from smaller load variations under 

islanded condition, may lead to a threat to the operation of microgrid itself.  

  Thus, an unbalanced load may lead to severe unbalance in supply voltage profile. Therefore, 

this necessitates the Voltage Source Converters be controlled in such a way that the supply to the local load be 

maintained as perfect set of three phase sinusoidal voltages. This control strategy enables all the parallelly 

operating DG’s to share a proportionate load in proportion to their respective capacities. In the proposed 

research work, Parallel Neural Digital filter is used in a novel way to compensate ill effects of unbalance and 

non-linear loading on voltage profile at point of common coupling (PCC). The proposed microgrid controlmodel 

is presented in fig.1. The Parallel Neural Digital Filter (PNDF) is capable of tracking the reference with minimal 

error.  

 

 

3. Development of Parallel Neural Digital Filter( PNDF) 

 

For any unknown nonlinear system it is difficult to compute the controller parameter using linear 

modelling. In literature, non-linear adaptive digital filters have shown excellent performance with 

unknown non-linear system [20]. For an unknown discrete time non -linear plant: 

 

∆(𝑡) = 𝑓( 𝑥, 𝛼 𝑡 , 𝛼 𝑡 − 1 , …… … , 𝛼 𝑡 − 𝑛) + 𝑢(𝑡)   (1) 

Where 𝛼(t) and ∆(𝑡) are corresponding input and output signals. F(.) represents a nonlinear 

function, x  represents vector of parameters and n is maximum permissible time delay. Noise 

considered is white and stationary and is represented as u(t).  

The estimation of unknown system as described by Eq. (1) is given by: 

𝛽 𝑡 = 𝐹 𝜔 𝑡 , 𝛼 𝑡 , 𝛼 𝑡 − 1 , …… … . , 𝛼 𝑡 − 𝑛       (2) 

Figure-1: Proposed Microgrid control structure 
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In above equation, 𝛽 𝑡  gives the estimation of∆(𝑡), and 𝜔 𝑡  represents vector of weights, 𝛼 𝑡  is 

input, F (.) is a non linear function. 

 N =(1,2) basic neural digital filters  are connected in parallel to constitute a single Parallel 

Neural digital Filter (PNDF) as shown in figure (2). 

The output of PNDF may be expressed as 

β(t) =  β(𝑗 ) t =
𝑁

𝑗 =1
 F(𝑗 ) (ω(𝑗 ) t , α(𝑗) t , α(𝑗) t − 1 , …… , α(𝑗 ) t − h/N) 

𝑁

𝑗 =1
 (3)  

The factor h/N represents the order of Neural Digital Filter. In order to make h/N an integer valueif 

necessary some zero weights may be added. In case, N =1 PNDF is nothing but NDF itself. 

 The performance index W may be represented as 

W =
1

2
(∆ 𝑡 − 𝛽 𝑡 )2 =

1

2
(∆ 𝑡 −  β(𝑗 ) t )2𝑁

𝑗=1
      (4) 

Considering the j
th

basic Neural Digital Filter as having a multilayer perceptron, the relationship 

between input and output can be represented as 

βl,n
(𝑗 ) t =  Sɳ

 𝑗  
(  ωl,n,k

 j  t − 1 
Nl−1n

𝑗=0
βl−1,k

 j  t )      (5) 

In the jth basic NDF, βl,n  represents the output of nth node in layer l,𝜔𝑙,𝑛 ,𝑘  represents weight that 

connects kth node in layer l-1, to the nth node in layer l𝐾𝑙  is the number of nodes in layer l After 

adding bias weights, the 0
th
 component of input vector of each layer is 1or βl,0 = 1, and ωl,n ,0 are bias 

weights. The input vector components are accepted on 0
th
 layer of  the network. 

The sigmoid non linear function Sɳ
 𝑗  

(. ) may be defined as 

Sɳ
 𝑗   𝑔 =

1−exp ⁡(−𝛾𝑔)

1+exp (−𝛾𝑔 )
,          𝛾 > 0    (6) 

The optimal value of weights of Parallel Neural Digital Filter (PNDF) are computed by using the 

overall error given by  e  t =  ∆(𝑡)  β(𝑗) t 
N

𝑗 =1
 for the training of weights in each basic NDF. 

Similarly the weights updating equation of each ith basic NDF may be represented as 

 

 ωl,n,k

 j  t + 1 = ωl,n,k

 j  t − ρ
𝜕𝜔

𝛿ωl,n,k
 j  t 

 
ω i (t)

, 𝜌 > 0    (7) 

Here, backpropagation learning algorithm adopted for training of the PNDF. Further,the partial 

derivative of performance index  (W) with respect to each weight may be expressed as 

𝜕𝜔

𝛿ωl,n,k
 j  t 

=
γ

2
 1 − β

l,n

 𝑗   1 + β
l,n

 𝑗   𝑋   
𝜕𝜔

𝛿βl+1,p
 j 

γ

2
 1 − β

l+1,p

 j  x  1 + β
l+1,p

 j  ωl,+1,p,k

 j 

𝑛

𝑘=0

  (8) 

In case, l = L – 1,
δW

𝛿βL−1,n
 j  can be calculated as 

 

δW

𝛿βL−1,n

 j 
=  ∆ 𝑡 −  βL−1,k

 j  t 

N

𝑗 =1

 

 

To test the PNDF, we can consider a reference input as pure sinusoidal input i.e.  

𝑥(𝑡) = 𝐴sin⁡(𝜔𝑡) 

Which is applied to the plant transfer function (of voltage source inverter) and disturbance noise (a non-linear 

load) as a harmonics of input signal. Therefore, disturbance signal is 

𝑑(𝑡) =   2𝑛 + 1 −1

𝑛

𝑖=1

sin⁡(2𝑛 + 1)𝜔𝑡) 

 

Reference of tracking capability of PNDF is tested against PID controller over same condition. Figure 3 shows 

the performance of PID controller, in which error is very high and output signal distortion is very high. 

However, in Figure 4 with PNDF error reduced to less the 0.001 after sometime showing far better performance.  
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Figure-3: Reference tracking with conventional PID control 
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Figure-2: PNDF implementation in VSI in microgrid 

 

Figure-4: Reference tracking with PNDF 
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2.Design and leaning of PN 

4. Result and discussion 

 

In the microgrid, any deformation in the load current can leads to lowering the power quality of 

the whole system. Here, A controller must be designed to compensate for the effect of any non-linear 

current at the point of common coupling (or local load).  Doing this at each source end can improve 

the power quality of the system. However, placing additional devices for this purpose can increase the 

cost of the system exponentially. The PNDF controller proposed in this paper imposes no additional 

hardware to the system while improving its power quality.  

 

 

Figure-5: Voltage and Current profile at PCC in 

conventional PID control 

 

Figure-6 Power balance at PCC with PID 
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To test the performance of the PNDF controller a comparison has been made with classical 

PID controller. Figure-5 shows the voltage and current waveform of the inverter output at DC link 

where a local non-linear load has been also connected. Due to the non-linear load the, current injected 

into the microgrid has waveform distortion that may further become  

a reason of the poor power quality of the microgrid. However, the controller can maintain power 

balance at the PCC with good dynamic performance as shown in Figure-6.  Further, FFT of injected 

current into microgrid is shown in figure-7. After computing the FFT up-to 20
th

 harmonic order, THD 

of current waveform is almost 15, which is too high.  
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However, with PNDF controller as shown in Figure-8, voltage, and current waveform clearly 

more sinusoidal in comparison with Figure-5. The DC link voltage in both the cases is maintained 

almost at 710 V dc. Dynamic response of DC link control is almost similar. Similarly, Power balance 

at PCC is quite same as in PID controller figure-8. Moreover, as shown in figure10 THD of current 

injected into microgrid has been reduced to 50 % in comparison to conventional PID. This shows a 

good improvement over conventional control method.  

 
 

5. Conclusion 

In, this paper, a  Novel Parallel Neural Digital Filter (PNDF) has been designed and implemented in a 

microgrid for the mitigation of severe voltage unbalance and  harmonics. The performance of PNDF 

in terms of voltage unbalance and harmonic mitigation, its  performancehas been much better as 

compared to   conventional PID controllers. The proposed PNDF not only exhibits fast dynamics and 

accurate reference tracking performance of the system but also improve the disturbance rejection in an 

islanded microgrid. The simulation results of this technique clearly shows good  performancein an 

islanded microgrid system even under severe non linear loading.   
 

 

 

Figure-10: FFT of PCC to Grid Current with 

PNDF controller 

 

Figure-9: Power balance at PCC with PID controller 

FigureDff-9 Power balance at PCC with PID 

 



IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  EElleeccttrroonniiccss  EEnnggiinneeeerriinngg  ((IISSSSNN::  00997733--77338833))  

    VVoolluummee  1100  ••  IIssssuuee  11    pppp..  338844--339911      JJaann  22001188--JJuunnee  22001188            wwwwww..ccssjjoouurrnnaallss..ccoomm 

    
 

Page | 391 
 

References 

 

[1] IEEE Guide for Design, Operation, and Integration of Distributed Resource Island Systems with 

Electric Power Systems,IEEE Standard 1547.4-2011, pp. 1-54, 2011. 

[2] R. H. Lasseter, and  P.Piagi, “ Microgrid: A conceptual Solution”PESC’04 Aachen, Germany 20-25 

June 2004 

[3] G.Pandove; A. Trivedi; and M. Singh, “Repetitive control-based single-phase bidirectional rectifier 

with enhanced performance” IET Power Electronics, vol. 9, issue 5, pp.1029-1036, 2016. 

[3] J.C. Vasquez,  J. M. Guerrero, M. Savaghebi,  J. Eloy-Garcia, and R. Teodorescu , “Modelling, 

Analysis, and Design of Stationary-Reference-Frame Droop-Controlled Parallel Three-Phase Voltage 

Source Inverters” IEEE Transactions on Industrial Electronics, vol. 60, no. 4, pp. 1271-1280, 2013. 

[4] B. Singh,K. Al-Haddad, andA. Chandra,  “A review of active filters for power quality 

improvement”IEEE Transactions on Industrial Electronics, vol. 46, no. 5, pp. 960-971, 1999. 

[5] M. Singh,V. Khadikar, A. Chandra, and  R. K. Varma, “Grid Interconnection of Renewable Energy 

Sources at the Distribution Level With Power-Quality Improvement Features” IEEE Transactions on 

Power Delivery, vol. 26, no. 1, pp. 307-315, 2011. 

[6] M. Savaghebi,  A. Jalilian, J. C. Vasquez,  and J. M. Guerrero, “Autonomous Voltage Unbalance 

Compensation in an Islanded Droop-Controlled Microgrid” IEEE Transactions on Industrial 

Electronics, vol. 60, no. 4, pp. 1390-1402, 2012 

[7] B. Singh, K. Al Hadad, and A. Chandra, “A Review of Active  Filters for Power Quality Improvement”  

IEEE Trans. Ind. Electron., vol. 46, no. 5, pp. 960-971, Oct. 99. 

[8] M. M. Hashempour,  M. Savaghebi,  J. C. Vasquez, and J. M. Guerrero, “Voltage unbalance and 

harmonic compensation in microgrids by cooperation of distributed generators and active power 

filters” 7th Power Electronics and Drive Systems Technologies Conference (PEDSTC), pp. 646-651, 

2016. 

[9] Nejabatkhah, F.; Li, Y.W.; Wu, B. Control Strategies of Three-Phase Distributed Generation Inverters 

for Grid Unbalanced Voltage Compensation. IEEE Trans. Power Electron. 2016, 31, 5228–5241, 2015. 

[10] R. L. de Araujo Ribeiro, T. de Oliveira Alves Rocha, R. Maciel de Sousa, E. Cipriano dos Santos, 

andA. Marcus Nogueira Lima, “A Robust DC-Link Voltage Control Strategy to Enhance the 

Performance of Shunt Active Power Filters Without Harmonic Detection Schemes”IEEE Transactions 

on Industrial Electronics, vol. 62, no. 2, pp.803-813, 2015. 

[11] A. Chandra, B. Singh, B.N. Singh, and K. Al- Hadad, “An improved control algorithm of shunt active 

filter for voltage regulation, harmonic elimination, power-factor correction, and balancing of nonlinear 

loads,” IEEE Transactions on Power Electronics, vol. 15, no. 3, pp. 495-507, May 2000. 

[12] L. H. Tey, P. L. So, and  Y. C. Chu, “Improvement of power quality using adaptive shunt active filter” 

IEEE Transactions on Power Delivery, vol. 20, no. 2, pp.1558 – 1568, Apr. 2005. 

[13] A. Chandra, B. Singh, B. N. Singh, and  K. Al-Haddad, “An improved control algorithm of shunt 

active filter for voltage regulation, harmonic elimination, power-factor correction, and balancing of 

nonlinear loads,” IEEE Transactions on Power Electronics, vol. 15, no.3, pp. 495 – 507, May, 2000. 

[14] S. Rahmani, N. Mendalek, and  K. Al-Haddad, “Experimental Design of a Nonlinear Control 

Technique for Three-Phase Shunt Active Power Filter,”IEEE Transactions on Industrial Electronics, 

vol.57, no. 10, pp. 3364 – 3375, Oct.2010. 

[15] Bouloumpasis, I.; Vovos, P.; Georgakas, K.; Vovos, N.A. Current harmonics compensation in 

microgrids exploiting the power electronics interfaces of renewable energy sources. Energies 2015, 8, 

2295–2311. 

[16] S. Mikkili and A. K. Panda, "Id-Iq control strategy for mitigation of current harmonics with PI 

and fuzzy controllers," 2011 International Conference on Power and Energy Systems, 
Chennai, 2011, pp. 1-6, doi: 10.1109/ICPES.2011.6156668. 

[17] A. Trivedi and M. Singh, “Repetitive Controller for VSIs in Droop-Based AC-Microgrid” IEEE 

Transactions on Power Electronics, vol. 32, no. 8, pp. 6595-6604,  Aug 2017. 

[18] M. I. Marei, E. F. El-Saadany, and  M. M. A. Salama, “A novel control algorithm for the DG interface 

to mitigate power quality problems” IEEE Transactions on Power Delivery, vol. 19, no. 3, pp. 1384-

1392,2004, 

[19] Q. Liu, Y. Tao,  X. Liu, Y. Deng, and  X. He, “Voltage unbalance and harmonics compensation for 

islanded microgrid inverters” IET Power Electronics, vol. 7, no.5, pp. 1055-1063, 2014. 

[20] Jianting Cao and T. Yahagi, "Nonlinear adaptive digital filters using parallel neural networks," 

Proceedings of ICNN'95 - International Conference on Neural Networks, Perth, WA, Australia, 1995, 

pp. 850-853 vol.2, doi: 10.1109/ICNN.1995.487529. 

http://ieeexplore.ieee.org/document/5960751/
http://ieeexplore.ieee.org/document/5960751/
http://ieeexplore.ieee.org/document/5960751/
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Gitanjali%20Pandove.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ashutosh%20Trivedi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mukhtiar%20Singh.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7459699/
http://ieeexplore.ieee.org/document/7459699/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4475725
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Juan%20C.%20Vasquez.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Josep%20M.%20Guerrero.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mehdi%20Savaghebi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Joaquin%20Eloy-Garcia.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Remus%20Teodorescu.QT.&newsearch=true
http://ieeexplore.ieee.org/document/6184306/
http://ieeexplore.ieee.org/document/6184306/
http://ieeexplore.ieee.org/document/6184306/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.B.%20Singh.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.K.%20Al-Haddad.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20Chandra.QT.&newsearch=true
http://ieeexplore.ieee.org/document/793345/
http://ieeexplore.ieee.org/document/793345/
http://ieeexplore.ieee.org/document/793345/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/document/5617328/
http://ieeexplore.ieee.org/document/5617328/
http://ieeexplore.ieee.org/document/5617328/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=61
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=61
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=61
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mehdi%20Savaghebi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Alireza%20Jalilian.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Juan%20C.%20Vasquez.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Josep%20M.%20Guerrero.QT.&newsearch=true
http://ieeexplore.ieee.org/document/6140564/
http://ieeexplore.ieee.org/document/6140564/
http://ieeexplore.ieee.org/document/6140564/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mohammad%20M.%20Hashempour.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mehdi%20Savaghebi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Juan%20C.%20Vasquez.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Josep%20M.%20Guerrero.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7556936/
http://ieeexplore.ieee.org/document/7556936/
http://ieeexplore.ieee.org/document/7556936/
http://ieeexplore.ieee.org/document/7556936/
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7551590
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ricardo%20L%C3%BAcio%20de%20Araujo%20Ribeiro.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Thiago%20de%20Oliveira%20Alves%20Rocha.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Raphaell%20Maciel%20de%20Sousa.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Euzeli%20Cipriano%20dos%20Santos.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Antonio%20Marcus%20Nogueira%20Lima.QT.&newsearch=true
http://ieeexplore.ieee.org/document/6870483/
http://ieeexplore.ieee.org/document/6870483/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/document/844510/
http://ieeexplore.ieee.org/document/844510/
http://ieeexplore.ieee.org/document/844510/
http://ieeexplore.ieee.org/document/844510/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ashutosh%20Trivedi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mukhtiar%20Singh.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7600365/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20I.%20Marei.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.E.%20F.%20El-Saadany.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20M.%20A.%20Salama.QT.&newsearch=true
http://ieeexplore.ieee.org/document/1308371/
http://ieeexplore.ieee.org/document/1308371/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=61
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Quanwei%20Liu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yong%20Tao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xunhao%20Liu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yan%20Deng.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xiangning%20He.QT.&newsearch=true
http://ieeexplore.ieee.org/document/6809464/
http://ieeexplore.ieee.org/document/6809464/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4475725

