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Abstract 

This manuscript proposes a hybrid control approach for the grid connected photovoltaic (PV) 

generation system with cascaded multilevel inverter (CMLI). The proposed hybrid method is 

the integration of both the Namib beetle optimization (NBO) and recalling-enhanced 

recurrent neural network (RERNN) method, hence called as  NBO-RERNN technique. By  

using  the proposed controller, the CMLI is intended to increase the optimum  control signal. 

By utilizing the minimum number of switches, the CMLI is designed. The major purpose of 

the proposed approach is to improve  power regulation or maximal  solar energy conversion 

system(SECS) and to achieve good power quality(PQ) of the system. The optimal control 

signal dataset is generated by the proposed NBO approach in offline way. Based on the 

satisfied dataset, the RERNN executes and calculates the most optimal control signals of 

cascaded multilevel inverter in online manner. For controlling the insulated gate bi-polar 

switches (IGBT) of cascaded MLI, the resulting control signals are used. The parameter 

variations of system and external disturbances are mitigated and the load demands are 

fulfilled optimally by using this control technique. The proposed NBO-RERNN control 

topology is implemented in MATLAB or Simulink site  and its   performance is evaluated  by 

comparing with existing methods.   

Keywords: Photovoltaic system, Multilevel inverter, Total Harmonics distortion, Switches, 

Power regulation and Maximum energy conversion  

1. Introduction 

Recently, the most gained broad attention in power system is renewable energy sources 

(RES) utilized to satisfy the increasing energy demand without polluting the nature (Sun et 

al,2011). The RES are combined to form the hybrid systems to improve the trustworthiness of 

power supply  (Letha et al,2016). In this type of renewable energy sources, the energy 

sources of wind and solar are often used together and efficiently (Blaabjerg et al,2011). 

Through  high-efficient wind turbines, one of the very important RES is wind power because 

it is easily available and gather (Thitichaiworakorn et al,2013). Additionally, an auspicious 

green energy source is solar energy that is used more and is  easily harnessed through the use 

of PV modules (Xiao et al,2014). At the night time, the  solar power is not present but the 

wind power is obtained, so the solar and wind power is complement to each other (Samadaei 

et al,2016). The solar and wind system utilization is increased because of high electronics 

devices of power and control technique (Latran and Teke,2015).  

In RES system, the strategy and power electronic converters control  are important (Song 

et al,2009). The power electronic devices such as rectifiers, boost converters and inverters are 

utilized to transfer the power efficiently (Ozdemir et al,2008). The converters of direct 
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current (DC) to dc and direct current  to ac are utilized for sources and load side and its 

control mechanism is important (Perez et al,2014). In recent times, the multilevel inverters 

(MLI) topologies are very popular due the advantages,  such as increasing capability of 

voltage handling, approximately sinusoidal output voltage waveform with best harmonic 

spectra, lesser voltage stress for the switches and best electromagnetic compatibility 

(Bakhshizadeh et al,2015). When working with RES system power quality issues, such as  

harmonic generation, voltage variations, capacitor voltages of unbalanced direct current-link 

and flickers are occurred to  produce the utilization of power converters (Cecati et al,2010). 

Because of the variation of solar irradiation, the power output is issued with flicker or voltage 

variation (Busquets-Monge et al,2008). Therefore, the dc capacitor current peak values are 

varying, which produces the unbalanced dc-link capacitor voltages (Panda and Suresh,2012).   

 

Fig 1:Here 

Due to unbalanced dc-link voltage, voltage stress occurs in switching devices, which 

makes the use of DC/AC converters ineffective (Panda and Suresh,2012). Hence, direct 

current-link of capacitor voltages and current are regulated individually (Suresh and 

Panda,2012). There are various MLI topologies are introduced with grid connected system to 

compensate these PQ issues (Ali and Krishnaswamy,2018) Among these topologies, the 

“cascaded H-bridge inverter (CHBI) “ is mostly used due to  high resolution,  modular 

design, characteristics of less voltage rated semi-conductor switches for obtaining high or 

medium levels of power (Kouro et al,2010). The MLI is utilized to achieve improved 

synchronization with the power flow of controlled and calibrated (Kaliamoorthy et al,2014). 

The main thing is to consider cascaded H-bridge(CHB) topology as a needed  inverter or 

rectifier  to have equal direct current- link voltages to examine the same allowable voltage 

stress across every switching devices in multilevel topologies in the application of  high 

voltage (Colak et al,2011). 

In this manuscript,  a hybrid control method  for grid connected photovoltaic generation 

system with cascaded MLI (CMLI) is proposed. The proposed hybrid method is integrated 

with  Namib beetle optimization algorithm and recalling-enhanced recurrent neural network, 

hence called as NBO-RERNN method. By using proposed controller, the cascaded multilevel 

inverter is designed to improve the optimum control signal. Also, by utilizing the minimum 

count of switches, the CMLI is intended. The important  aim of  proposed method is to 

improve the regulation of power or maximal SECS and to achieve good PQ of the system. 

Organization of proposed work is displayed in fig 1.  

 

2. Recent Research Work: A detail  Review 
Numerous works previously presented  in literatures based on cascaded MLI(CMLI) in grid 

connected RES system using various techniques. Some of the research works were reviewed 

here,  

For specifying the problem of wind speeds deviation  within  windmills as partial shading 

condition of photovoltaic system, B. Sharma et al. (Sharma et al,2019) have illustrated a 

comprehensive control method  for the cascaded H‐bridge MLI (CHBMLI) based grid 

connected  bulk wind energy conversion system (WECS). For high and medium power wind 

energy conversion system with increasing trustworthiness, the illustrated control method uses 

independent direct current-link with fewer voltages, like topology as a good model. The 

inconsistency of wind speeds causes different voltage conditions in every turbine between 

isolated direct current-link of cascaded H-bridge(HB) inverter MLI, HB cells (HBC) may 

leads to uneven power generation. For a mitigated  switch of  CMLI (RSCMLI) was applied 

to wind energy conversion system to  combine solid state transformer (SST), B. Sahoo et al. 

(Sahoo et al,2019) have postulated the artificial neural network(ANN)- proportional 
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integral(PI) based controller. Here, a 7-level RSC machine level inverter was established. The 

parameters of  utility side and direct current-link voltage of inverter were mitigated  by ANN, 

proportional integral and fuzzy logic controller(FLC). The solid-state transformer was given 

to  distribution system in the place of grid side converter for better operational benefits. The 2 

aims, like  reactive power support and real power control were delivered by the grid interface 

converter and  machine components of solid-state transformer under inadequate wind energy 

generation condition. B. Sharma et al. (Sharma et al,2019) have described an improved CHB 

multilevel inverter  based grid-tied hybrid wind and solar energy conversion system 

(HWSECS) along with PQ command. Thus, the  WECS and solar energy conversion system 

(SECS) were joined separately to an isolated direct current-link  of cascaded HBMLI through 

their own direct current  to direct current  converter depends on maximum power point 

tracking (MPPT) system . 

For a MLI based single stage, photovoltaic stand-alone and three phase system , N. 

Kumar et al. (Kumar et al,2019) have presented  a vector control method. The power circuit 

was engaged with photovoltaic module operated by multilevel inverter were connected with 

load or grid by a 3-phase transformer, which contains open-winding in multi-level inverter 

side. The control method was improved to distribute  real power even in the levels of solar 

irradiance and variable load. The presented control ensures the stable real power across 

ddirect current -link capacitors of inverters and it fulfills the transient performance directories 

of photovoltaic stand-alone system. The direct current-link voltage level of multilevel 

inverter was improved all through the operation to attain the preferred power for delivery 

point through the designed method. For improving  the performance of static synchronous 

compensator (STATCOM) using cascaded HB MLI,  R. Palanisamy and K. 

Vijayakumar(Palanisamy and Vijayakumar,2018) have proclaimed a controller of hysteresis 

current. A 5 level single phase cascaded MLI with 2 individual sources of direct current, 

which was improved by hybrid energy source of PV-wind. By the hysteresis current 

controller, the voltages across every direct current source was balanced and standardized. To 

mitigate the Total Harmonic Distortion (THD) and to enhance the closed loop hysteresis 

current control and  output voltage was attained by utilizing the controller of phase locked 

loop(PLL) and proportional integral. S. Lee and J. Kim (Lee and Kim,2018) have presented 

the design method of modeling and control-loop with an inverted decoupling method of 

single-phase PV grid-tied 5-level CHB MLI. For the unity power factor, the current controller 

of proportional and integral with the  duty ratio of feed forward compensation was utilized. 

Also, to attain MPPT of every PV array, the  stacked units were in the condition of  partial 

shading and  every  direct current voltage was steadily regulated to its  maximum power 

points (MPP) through the controller of committed  voltage to every HB method. The  control 

method reduces the consequence of loop interaction in separate direct current-link voltage 

control loop in a 2 input and 2 output system. For a grid connected doubly fed induction 

generator (DFIG) depending on WECS, B. Sahoo et al. (Sahoo et al,2019) have presented a 

repetitive control (RC) approach  and 31-level reduced switch cascaded inverter (RSCI) 

topology with an united hybrid active filter capability. The repetitive control method was 

considered for the operation of  inverter because of improved accuracy and  controllability 

under the condition of periodic disturbance. In addition to that extract  the system 

performance by distributing the preferred reactive power to doubly fed induction and 

harmonic reduction, a thirty one  level reduced switch cascaded inverter topology with a 

mitigated count of uni-directional switch operations was executed in rotor-side converter 

(RSC). The reference frame control of indirect current and flux oriented were executed for 

the converter of grid and rotor side 
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2.1. Background of Research Work 
Recently, the research work depicts that renewable energy sources with multilevel inverter in 

power distribution system are an important contribution factor.  The issues of micro grid PQ 

are the major challenge in mutual installation of control designs, like active power filters, 

voltage regulators, automatic current regulator, the combination of renewable generation gets 

distributed. The alternating current of power grid may cause protection issues and voltage 

fluctuations. This increases the challenge of utility grid trustworthiness and PQ. To overcome 

the problem, multi-level inverters are used to provide an extra-ordinary method in digital 

interfacing of power. It can increase the effectiveness of output strength generated to grid. 

Also, the real-time execution  of carrier based control method  on multi-level inverter with 

PV interface and its comparison over the other topologies, such as  diode clamped MLI 

(DCMLI), cascaded MLI (CMLI) and so on. The advantages of the method are self-balancing 

property with no feedback control, isolated direct current connection, voltage and capacitors 

in main direct current-link is same. The system has some problems, like complex control 

method to balance voltage of direct current-link capacitor, fast development in the count of 

clamping diodes through increasing the count of levels. In literatures very few works are 

given to resolve this problem and the presented works are not effective. Furthermore, the 

control topology of  hybrid is required. Thus, these disadvantages and problems are inspired 

to do this research. 

3. Proposed NBO-RENN method Based Power Quality Improvement of SG  

The hybrid NBO-RERNN method is proposed to expand the PQ of smart grid system. Here, 

considered PV as source and utilized the cascaded multilevel inverter for reducing the 

harmonics. The variation of system parameter and the disturbance on external is reduced by 

proposed method and it fulfills the load demand of the system. The detailed description of 

proposed method is described as follows, 

3.1. Control Signal Generation Using Namib Beetle Optimization (NBO) Algorithm  

One of the insects is Namib beetles are utilized as an exciting tactic for surviving and 

collecting water in the desert. Based on these characteristics, this algorithm is introduced. 

This method is utilized to select the features and reduce the dimension (Chahardoli et 

al,2022). These beetles gather water and it moves to highest hills. In these mountains, they 

look for the areas of high humidity and elevation, so they access extra water. The peak and 

height of hills are reached because they are visible to the currents of moist air, increasing 

bodies to absorb the moist air, and convey it with its mouths. In this manuscript, NBO is 

utilized to attain the optimum control parameter of HDLNN. The stepwise procedure is 

explained by,  

Step 1: Initialization 

Initializing the input parameter of the system. Here, consider the parameters, likeload current, 

dc link voltage, PV voltage, PI controller gain parameters, constraints, iteration of the system 

 

Fig 2:Here 

Step 2: Random Generation 

After initialization, the input parameters are created randomly.  
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Here,  gain parameters of PI controller is denoted as   

Step 3: Fitness Function 

It  is evaluated depending on the objective function. Thus, it is described by, 
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(2) 

Step 4: Analysis the location of Beetle for Water Collection  

Every beetle has the capability to gather moisture and water, which counts for a great deal in 

terms of objective function. From this, the beetle in question is placed in the optimum area, 

and for other beetles, this area is considered as  attraction that leads to the collection of water 

in these areas. Every area where a beetle is present has the potential to host many beetles, 

which is determined by, 
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Here, count  of beetles capacity  in the area is denoted as Ic , maximal capability of the count 

of beetles in 1 area is denoted as MAXc ,ability of beetle  is denoted as )( iNBF , minimal and 

maximal capabilities of the population beetles is denoted as MinF , MaxF . 

Step 5: Moving Towards Wet Areas 

To find water, every problem solver or beetle must choose the areas with enough moisture. 

The distance among two beetles are  determined by, 
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Step 6: Update the Solution by Using the Movement of Wet Mass 

By using the smell sense, it detect the areas to determine the optimal solution and it utilized 

the gravity, 
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Here,position where most of the moisture is denoted as *nb , position of water gravity is 

denoted as 


nb . 

 

Step 7: Removal of population 

Here, some are hunted by lizards. These solutions are eliminated in this step.  

Step 8: Termination Criteria 

When checking the termination criteria, if suppose the optimal outcome is obtained then 

process is end otherwise go to step 3. Flowchart of proposed NBO-HDLNN method is 

displayed in fig 2. 

3.2. Optimal Prediction Using RERNN Approach 

The Recalling-enhanced recurrent neural network(RNN) is the radial basis function based 

training process. It is operated based on the artificial Neural Network. The difference amid 

the RERNN and Elman recurrent neural network are the number of layers. RERNN has six 

layers but the Elman RNN contains 3 layers. The layers of Recalling-enhanced RNN are sum 

layer, memory layer, delay layer, state layer, input layer, hidden layer and output layer. The 

input layer accepts input and also utilized the outcome of hidden layer (Gao et al,2020). The 

memory layer is processed by the result of sum and state layer. The memory layer is utilized 

to determine the size of preceding information of sum layer. The function of summation is 

executed by the sum layer. The final recurrent hidden result, present input, results of memory 

layer are added by sum layer. The hidden layer provides the last probabilistic value of output 

layer. The delay layer performs the back propagation of the outcome of hidden layer. The 

outcome of RERNN is depends on Conjugategradient descent method and generalized Armijo 

search method. Recalling-enhanced RNN structure is displayed in fig 3. In the proposed 

system, the Recalling-enhanced RNN is utilized for choosing the perfect cost of the system 
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and optimal sizing and energy management is achieved. The stepwise procedure of 

Recalling-enhanced RNN is described below , 

Input layer: Input layer consist of nm   linear nodes from which  m  nodes are called blank 

nodes and it  is utilized to receive input sample vector. The   n  nodes are called black nodes 

and it   is developed to guide the output of hidden into delay layer vector, 

),...,,( )1(2)1(1)1(1 Nqqqq HHHH    straightly. From which

),...,,),...,,( 21)1(2)1(1)1(1 qNqqNqqqq HHHHHHH   is supplied by the delay layer of the 

system. It is written by, 

tHxx qqq ),( 1

 
                    

(6) 

 

Fig 3:Here 

State layer: The goal is to deliver 0/1 state for memory layer that is illustrated as. 


















.tan,1

,tan,0
(.)

)1(

)1(

tisimporifC

tisunimporifC
g

Q

jQ

                  

(7) 

Memory layer: The output of sum layer and current state layer output is received through 

memory layer n nodes. Thus, 
thJ node of output is calculated as, 
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(8) 

When q = 1 , 2 , …, Q  and j = 1 , 2 , …., n. For introducing  the layer of memory, 

),...,,( 21 qNqqq CCCC   is  essential. Also, it defines the magnitude of the pervious sum of 

output layer of the information is transferred to other layer. Further, it is highly based  on the 

value of gate, )1,0(qJG that is in state layer.  

Sum layer: In this, the node accepts current input, output of memory layer and last recurrent 

hidden layer. Thus, the j th node is represented as, 
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Hidden layer: There are n nodes are occurred. The hidden layer output For the conventional 

Elman network in recalling-enhanced recurrent neural network method is computed as,   

)()( )1( qjqqjqjqj GCCTanHCTanH 
                          

(10) 

Delay layer: The RERNN is the delay layer that is used to realizes the function that is used to 

feed back the present hidden layer of the output vector ),...,,( 21 qNqqq HHHH  is the black 

input nodes treat into input variables of the system, that is  

),...,,),...,,( 21)1(2)1(1)1( qNqqNqqq HHHHHH                           
(11) 

This is used to create the new input, like  ),( 1

  qqq Hxx T that is used to introduce the layer 

of input. Further, the of  output vector for the  layer of sum as  ),...,,( 21 qNqqq CCCC  , which 

is used to fed again to the layer of  memory. 

Output layer:Every  node  represents the exact components of the output In the  S nodes of 

the layer. Let Nt

Nttt rVVV ),...,,( 21 are  weight vector, which is connected to the layer of 

hidden  and to  
thT output node. Next, it suddenly becomes the total weight of matrix within 

the layers of output and hidden that is, SNSvvvv  ],....,,[ 21 .While assuming  the activation  

function, the layer of output is to identify the function of linear by  using the actual output of 

RERNN is computed. 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



4. System Description 

Structure of proposed PV system is displayed in fig 4. Here, considered the level of inverter 

is 13 levels and utilized the six level direct current to direct current boost converter (Sahoo et 

al,2019). To extract the maximal power, the six- level dc-dc converter is connected with solar 

PV system. The harmonics of the system is decreased by the control of voltage and current of 

the system. By utilizing the proposed method , the control switching signal of 13- level 

inverter is operating and provides high power quality (Vasu et al,2021). The control signal is 

generated by using NBO and the prediction of optimal control signal is performed by using 

RERNN.  

 

Fig 4: Here 

 

4.1. Modelling of the characteristic of PV 

Generally, solar system is incorporated into PV module, dc to dc converter and load (Kumar 

and Sasi Kumar,2021). In order to get a certain value of current and voltage from the 

photovoltaic panel, the photovoltaic cells are arranged in parallel or in series. The solar cell 

forms p-n junction, which uses the sunlight, creates the photocurrent and works as a diode on 

dark or shadows. Single diode model of PV is illustrated in fig 5. A diode and a resistor are 

incorporated into the current source. The mathematic expression of the PV characteristics is 

given below, 

 

Fig 5:Here 

Open Circuit Voltage 

When it is crossways by the light current, the output voltage of a photovoltaic cell is depends 

on the voltage drop across the diode. Hence,  the voltage is expressed as,  
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Here, open circuit voltage is denoted as opv , diode ideality constant is denoted as n , 

Boltzmann constant is denoted as K , temperature in Kelvin is denoted as t , electron charge 

is denoted as q , light generated current is specified as ligi , saturation diode current is 

specified  as oi . 

Light Generated Current (Radiation) 

The light generating current is described by, 
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Here, G is the radiation is denoted as radg , radiation under standard condition is denoted as 

f

radg Re , photoelectric current under standard condition is denoted as 
f

ligiRe
 0A, temperature at 

present condition is denoted as ct , module temperature under standard condition is denoted as 
f

ct
Re , temperature coefficient of short circuit current is denoted as  . 

 Reverse Saturation Current 
Reverse Saturation Current is described by, 

  











































 cref

G

tt
nK

eq

f

c

c
oRo e

t

t
ii

113

Re                                        
(14)

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 





















tn

ocn

vn

v

scn
oR

e

i
i

                                                    
(15) 

Here, reverse saturated current is represented as oi , saturation current is represented as oRi , 

ideality factor is represented as n , and band gap for silicon is denoted as Ge . 

Short Circuit Current  

Through the cell, the generated greatest value current is short circuit current and it is obtained 

under the short circuit condition.  
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4.2. Modelling of Six Level DC to DC Boost Converter  

To obtain the maximal power of photovoltaic boost converter is utilized. The maximal power 

point (MPP) is calculated depending on the switching transistor duty cycle of converter. Fig 6 

displays Circuit diagram of multi-level cascaded direct current-direct current  boost converter 

(Yu et al,2022, Meenalochini and Sakthivel,2021, Gulbudak and Gokdag,2021). The major 

contribution of the boost converter is, it converts and boosts the solar energy. The maximized 

power obtained from boost converter is given to the CMLI.  

 

Fig 6:Here 
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Here, pov / , piv /  are the DC input and output voltage, on time period of semi-conductor switch  

is denoted as onT  , switching period of semi-conductor switch is denoted as switT . Thus, the  

boost inductor value is determined by, 
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Here, li is expressed as inductor ripple.  

4.3. Multilevel Inverter Model 

The multilevel inverter executes power conversion on multiple voltage steps with ultimate 

goal of achieving better power quality, and greater voltage capacity. 13- Level CMLI is 

depicted  in fig 7. 

 

Fig 7:Here 

MLI (Liu et al,2016, Zare and Abapour,2017, Sun et al,2022, Kartick et al,2016, Sandeep 

and Yaragatti,2017) is composed of a multi-level bridge topology serial connection. The 

general output voltage of MLI is, 
n

popopopo vvvv /

2

/
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The count of voltage level of inverter is described below,  

12  nN s                                                                                                   (21) 
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Maximal output voltage of n level inverteris expressed below, 

dcout vnv max
                                                                                                (22) 

For n level inverter, the quantity of voltage steps is provided by, 
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 The maximal output voltage of these n level inverters are expressed as, 

For nj ....,2,1 , 
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4.4. Modelling of CMLI with Grid Connection 

Proposed CMLI with grid connection is displayed in fig 8. The state space method (Sharma et 

al,2019) of proposed system is stated by, 
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Eqn (16) is modified by the Park’s transformation, and then it is described by, 
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Here, lumr as lumped resistance, luml as lumped inductance, grid voltage is denoted as sv , direct 

and quadrature axis current is denoted as Di , 
Qi . The two quadrant signals are obtained from 

the three phase original signal, which is described in eqn (15) and (16). 

 

Fig 8:Here 

4.5. Modeling of Active and Reactive Control for Grid-Connected PVSystem 

For generating the essential reference voltage and current, the three phase grid current is 

passed to the proposed method. The reference current, grid voltage and current are converted 

from the reference frame of abc to dq, then the dq(Kala and Arora,2019) components are 

passed through the proportional integral controller, which is tuned by the proposed method 

and it delivers the control signals. By using PWM, the switching signal of CMLI is generated. 

The active and reactive control action with dq control architecture is displayed in fig 9. 

 

Fig 9:Here 

4.6. Voltage and current harmonic distortion 

Due to passive as well as active nonlinear devices, the power system produces harmonics. 

The total current harmonic distortion(TIHD) and Total voltage harmonic distortion (TVHD) 

is used to determine the harmonic performance of the bus system. The ratio of the sum of 

power of entire harmonic voltage components to the power of essential voltage frequency is 

called as TVHD. 
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Here, TVHD denotes net  voltage harmonic distortion, TIHD denotes net  current harmonic 

distortion, frmsv  denotes fundamental voltage frequency, frmsi  denotes fundamental current 

frequency, rmsv  denotes harmonic voltage component, rmsi denotes harmonic current 

component.  

5. Results and Discussion 

The performance of the proposed method depends on simulation results. NBO-RERNN 

method is proposed for enhancing the PQ of the system. The cascaded MLI (CMLI) is 

utilized to mitigate the harmonics of the system. CMLI is incorporated into less count of 

sources, diodes and switches are modeled to attain the optimal control signal with the 

proposed controller. The proposed method is simulated in MATLAB or Simulink tool and its 

performance is compared to existing methods. The proposed method is evaluated  on 3 

conditions, such as change of irradiance, various weather conditions, various load conditions. 

Here, the parameters,  like voltage, current, active and reactive power; irradiation and 

temperature are investigated to determine the performance of system. The existing methods, 

like sliding mode controller (SMC), fuzzy logic controller, Nomadic people optimizer (NPO) 

are utilized to compare the performance of proposed method. 

Analysis of irradiance change of PV is displayed in fig 10. The irradiance is changed 

form 250 W/m2 to 1000 W/m2 at 0 to 0.35 sec. At 0 to 0.35 sec, the irradiance is varied in 

various step conditions. Under this condition, the PV power and voltage are analyzed. 

Analysis of PV power is displayed in fig 11. At 0 to 0.039 sec, the PV power is improved 

from 0 to 3 410  W, and then at 0.039 to 0.09 sec, the photovoltaic power is constant in 3
410  W. After, at 0.1 sec, the photovoltaic power is decreased to 2.4 410  W. Investigation 

of PV voltage is displayed in fig 12. At 0 to 0.2 sec, the PV voltage is increased from 0 to 250 

V, and then at 0.38 sec, the voltage is again increased to 520 V. Next, at 0.38 to 0.8 sec, it is 

constant to 520 V and at 1 sec, the voltage is 480 V. Investigation  of PV current is depicted 

in fig 13. The output current is increased from 5 to 15 A at 0 to 0.08 sec. Then, it is increased 

to 35 A at 0.09 to 0.2 sec. Again the current is increased from 30 to 60 A at 0.2 to 0.38 sec. 

Then, the current is constant to 60 A at 0.38 to 0.9 sec and it reduced to 55 A at 1 sec. 

Investigation  of six level cascade multilevel DC to DC converter output voltage is depicted 

in  fig 14. At 0 to 0.1sec, the voltage is varied from -450 to +450V. It is the first stage output 

of dc to dc converter. Analysis of 13 level dc to ac inverter output voltage is displayed in fig 

15. The voltage is varied among -500 V to 500 V at 0 to 0.1 sec. Investigation of grid voltage 

is illustrated in  fig 16. The voltage of grid is varied from -350 to 350 V at 0 to 0.2 sec. 

Investigation of grid current is displayed in fig 17. The grid current is varied from -280 to 280 

A at 0 to 0.2 sec.  
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Fig 23:Here 

 

Analysis of load real power is displayed in fig 18. The load real power is initially zero 

and it is increased to 14.5 410  W at 0.018 sec and it is constant to 14.5 410  W at 0.018 to 

0.2 sec. Analysis of load reactive power is displayed in fig 19. The load reactive power is 

initially zero and it increased to 12.5 410  W at 0.018 sec and it is constant to 12.5 410  W at 

0.018 to 0.2 sec. Analysis of PV power under different weather conditions is displayed in fig 

20. The maximum obtained photovoltaic power is 200 kW and it  is obtained at 0.4 sec that 

power is given to the grid. Analysis of PV power under various load conditions is displayed 

in fig 21. The shortage of power is occurring at 0.0 to 0.4 sec and after 0.4 sec, the load is 

utilized power from the utility grid and the extra power is given to grid. The THD is a 

measure of how much distortion of a voltage or current is attained  because of  harmonics in 

the signal. One of the main analyses of power system is power quality improvement. Analysis 

of voltage THD percentage is displayed in fig 22. The three phase’s voltage THD for 

proposed and existing methods  are  analyzed. From the analysis, the proposed method r, y 

and b phase THD becomes 1%, 1.8 % and 1.03 % respectively. The existing NPO method r, y 

and b phase THD becomes 1.08%, 2.65%, 1.35 % respectively. The existing SMC method r, 

y and b phase THD becomes 1.09 %, 2.71%, 1.5 % respectively. The existing FLC method r, 

y and b phase THD becomes 1.13 %, 2.8%, 1.67 % respectively. From the analysis, it is 

conclude that, the proposed approach based voltage THD is less compared to existing 

methods is proved. Analysis of current THD percentage is displayed in fig 23. The three 

phase’s current THD for proposed method and existing methods is analyzed. From the 

analysis, the proposed method r, y and b phase THD becomes 0.1%, 1.02% and 1.1% 

respectively. The existing NPO method r, y and b phase THD becomes 0.15%, 1.19%, 1.28 

% respectively. The existing SMC method r, y and b phase THD becomes 0.12 %, 2.71%, 1.5 

% respectively. The existing FLC method r, y and b phase THD becomes 0.18%, 1.34%, 1.52 

% respectively. From the analysis, it is conclude that, the proposed method based current 

THD is less compared to existing methods is proved. 

6. Conclusion 

Here,  a hybrid NBO-RERNN method  for increasing  the power quality of grid-tied 

photovoltaic system is proposed. The proposed photovoltaic system is connected to six level 

dc to dc converters and 13- level inverter. The 13- level inverter is incorporated into less 

number of switches. The proposed NBO method  generate the set of control signal, from this 

the  signal optimal is predicted by using the RERNN method. The proposed method is 

simulated in MATLAB or Simulink tool and its performance is compared to existing NPO, 

SMC and FLC methods. The proposed method is analyzed in three conditions,  such as 

irradiance change, various weather and load change conditions. Here, the parameters,  like 

voltage, current, active and reactive power,  irradiation are  investigated. From the simulation, 

obtained the THD of the proposed method r, y and b phase THD becomes 1%, 1.8 % and 

1.03 % respectively. The proposed method provides less THD than the existing one is 

proved. 
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Fig 1: Organization of proposed work 
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Fig 2: Flowchart of proposed NBO-RERNN approach 

 
Fig 3: Recalling-Enhanced RNN structure 

 
Fig 4: Structure of proposed PV system 
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Fig 5: Single diode model of PV 

 
Fig 6: Circuit diagram of multi-level cascaded DC to DC boost-converter 

 
Fig 7: 13- level CMLI 
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Fig 8: Proposed CMLI with grid connection 

 
Fig 9: Active and reactive control action with dq control architecture 

 
Fig 10: Analysis of irradiance change of PV 

 
Fig 11: Analysis of PV power 
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Fig 12: Investigation of PV voltage 

 
Fig 13: Investigation of PV current 

 
Fig 14: Investigation of six level cascade multilevel DC to DC converter output voltage 

 
Fig 15: Analysis of 13 level dc to ac inverter output voltage 
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Fig 16: Investigation of grid voltage 

 
Fig 17: Investigation of grid current 

 
Fig 18: Analysis of load real power 

 
Fig 19: Analysis of load reactive power 

 
Fig 20: Analysis of PV power under various weather conditions 
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Fig 21: Analysis of load power various weather conditions 

 
Fig 22: Analysis of voltage THD percentage 

 
Fig 23: Analysis of current THD percentage 
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scientific influence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
1999 42
2000 42
2001 41
2002 40

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.352
Cites / Doc. (4 years) 2000 0.251
Cites / Doc. (4 years) 2001 0.385
Cites / Doc. (4 years) 2002 0.529
Cites / Doc. (4 years) 2003 0.455
Cites / Doc. (4 years) 2004 0.616
Cites / Doc. (4 years) 2005 0.573
Cites / Doc. (4 years) 2006 0.820
Cites / Doc. (4 years) 2007 0.659
Cites / Doc. (4 years) 2008 0.597

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration Citable documents  Non-citable documents
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International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 9.52

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 97
Uncited documents 2000 103
Uncited documents 2001 96
Uncited documents 2002 88
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