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Abstract 
 

Micro Grids (MG) are an idealistic advancement that can expand the 

dependability and economic part of energy without contravention to end 

customers. Renewable Energy Source (RES) base power production is the 

main opportunities intended for the executives in the direction and determine 

the enormous issues in addition to the radiations. This estimation, on very 

basic level thought on Photo-Voltaic (PV) and Battery based cross variety 

power age. The Energy Management System (EMS) assumes a significant 

part to satisfy the heap request additionally and it gives stable activity. 

Energy Storage device is progressively significant portion of the renewable 

energy zone because of the necessity to store the power during peak hours for 

which can be used in off-peak periods. The power electronic converters 

inject harmonics into the system, which leads to various power quality 

issues. So, in this research work a new hybrid method were introduced, for 

enhancing power quality in grid-connected PV systems, which is a 

combination of both the Grey Wolf Optimization (GWO) algorithm with 

FLC (Fuzzy Logic Controller). To track the maximum power of the PV 

system GWO be used. It offers high accuracy and good robustness. FLC 

provides accurate fast response for managing load balance by tune the battery 

sources. Subsequently, the combine of these controllers together improve the 

MPPT (Maximum Power Point Tracking) and PV in order. The anticipated 

methods diminish the THD (Total Harmonic Distortion) up to 4.09%, and the 
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productivity seen by the estimation over the current techniques. The 

proposed method is executed using MATLAB/SIMULINK software to 

examine the performance of power quality issues. 

 

Keywords: Battery, Energy Management System (EMS), Fuzzy Logic 

Controller (FLC), Grey Wolf Optimization (GWO), Maximum Power Point 

Tracking (MPPT),Total Harmonic Distortion (THD). 
 

1 Introduction 
 

In late examples, Micro-Grid (MG) has gotten interest due to its normal 

capacity to restrict the fundamental issue in energy supplies [1]. Whereas 

pondering by means of the bulky power system exist in charge of strategies 

worked distinctively to give effective outcomes. Particularly, an 

administrative regulator otherwise called EMS, which utilized to allow the   

estimations of power resource to adjust to the goals [2], [3]. The EMS of MG 

chooses the ideal dispatch and getting ready for utilized energy assets, which 

is fundamental for dependability and conservative activity of the framework. 

What's more, additionally it delivers real time power set focuses for MG units 

and it co-works with the regulators for frequency control at the essential side 

[1]. One of the principle destinations of EMS be in the direction of limit the 

power use in peak time and move the interest to an off peak time when 

modest and clean power is acquired. With late progressions in grid-based 

advances, more docile assets in MG likewise move number of data with 

significant level properties. MG is a sub-organization of smart grid 

determined by the presence of energy sources moderated by sorts of battery 

energy storage system (BESS) and privately figured out how to achieve 

brilliant energy stream the board [1].  

In exploration, the executives of MG with composite energy storage 

system incorporates ultra-capacitor and battery are proposed [1]. Function of 

energy storage becomes fundamental when various kinds of MG are utilized 

to create quality power to the loads. With the assistance of Energy Storage 

System (ESS) the proficiency of the framework has improved [1]. "The 

design of power converter and energy the executives technique progressively 

conveys the power demand among the different energy storage devices [1]. 

The primary control of the system comprises frequency and voltage control of 

ESS, while the secondary portion controls MG management system. The 

combination of RES with the ESS able to deliver more cost-effective and 

consistent power and that works in standalone or grid-connected mode [11]. 

Effective EMS is required when the number of energy source is more than 

one. The roles of the EMS in the standalone RESs make sure the continuity of 

the load supply in most of the conditions. EMS ensures the maximum usage 

of energy sources and improves the stability of the power system also; EMS 

protects the components in terms of overloading [12]. Using of control 

algorithm helps manage the energy that produces from various resources. 
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The multiport dc-dc converters are used for power management and grid 

integration for multiple sources [13]. The control functions like MPPT also 

deliver the output through the multiport DC-DC converters. Numerous studies 

concerned with the application of RES have concentrated on performance 

analysis in terms of MPPT, bidirectional inverters, energy storage 

management and storage devices [14],[15][16]. A few calculations have 

wonderful worldwide inquiry capacities, yet their neighborhood investigation 

ability is restricted. Because of these restrictions, more strong calculations are 

required for untimely simultaneous and quicken the investigation cycle. In 

such a manner, another serious meta-heuristic calculation named dark wolf 

advancement (GWO) that has a decent harmony between the nearby and 

worldwide pursuit spaces is actualized in this paper. Here GWO is used for 

the following the MPPT while FLC is used for setting off the battery sources. 

 

2 Proposed Method 
 

2.1 Block diagram 
 

The general block diagram of a grid-tied PV system with battery is 

shown in Figure 1. Two topologies are available for the grid-connected PV 

systems and among them the two-stage configuration is used. In the dual-

stage configuration process, both power conversion stages (DC-DC and DC-

AC) are [2] convoluted between PV and grid. The grid-tied PV structure 

comprises a PV panel, DC-DC converter, DC-AC inverter [2] and the grid. In 

this proposed strategy, the lift converter is utilized for the DC-DC 

transformation and the Multi-level inverter is utilized for the DC-AC 

conversion. Nowadays, the boost converters are widely used in industries due 

to the requirement of variable DC supply. In PV systems, the boost 

converters are used to boost the solar panel output voltage. 

The PV cells generate electric power from PV radiations, and the output 

from the PV is DC. The highest power from PV cells can be extracted from 

the maximum power point. However, the effectiveness of PV cell depends 

upon the irradiance and cell temperature, which deviates from the power 

from the maximum power. Therefore, a control technique tracks the MPP 

according to this change. The low irradiance can also cause PQ problems in 

the distribution grid.  The power quality also depends upon the inverter 

topology. Furthermore, the power from the PV array is given to charge the 

battery source. When the PV power cannot produce the required power, the 

power from the battery is used to compensate. Meanwhile, if more power is 

extracted from the PV, which is additional than the required demand, that 

power is stored in the battery. So, this hybrid GWO-FLC control technique is 

used to track MPP tracking for enhancing the power quality and control the  
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EMS between PV and Battery. Figure 1 shows Block Diagram of Grid-Tied 

PV-Battery System. 

 

  
 

Figure 1 Block Diagram of Grid-Tied PV-Battery System 

 

2.2 Grey Wolf Optimization 
 

GWO is generally, stimulated by leadership and hunting behavior of the 

grey wolves. The grey wolves are categorized into four levels based on the 

social dominance hierarchy, such as alpha wolf , beta wolf , delta wolf 

and omega wolf . The GWO depends on the following assumptions: 

1) The , and are denoted as optimum, 2
nd 

optimum and 3
rd

 optimum 

solution, respectively. 2) The remaining level is to be omega wolf . 3) 

The three wolves, such as alpha wolf, beta wolf and delta wolf are considered 

the optimum solution that has better information about the potential location 

of prey. The information about the prey of those three wolves are better than 

the omega wolf. 4) the omega wolf follows the three best wolves” [13]. The 

global best position is considered location vector of prey. The 

process of GWO is given as follows: 

Equation (1) defines the encircling behavior of grey wolves. 

                               (1) 

Where, the prey’s location vector is represented as ; the coefficient 

vectors are and ; the grey wolf’s position vector is . The equation (2) 

and (3) represent the coefficient vector of and , respectively.   

                                       (2) 
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                                                   (3) 

Where, the exploration rate is specified as . The and 

are represented the random vectors among 0 and 1. The exploration rate is 

linearly minimized from 2 to 0 over the number of iterations. The exploration 

rate is specified in the equation (4). 

                                                    (4) 

Where,  specifies the maximum number of iterations. 

The hunting process of the grey wolves is handled by the alpha wolf. The 

beta and delta wolf also participate as guides for hunting at sometimes. 

Besides, it is difficult to obtain the prey location in the search space. The 

three wolves, such as alpha wolf, beta wolf and delta wolf have better 

information about the potential location of prey. These prey locations are 

used to process the hunting behavior of grey wolves. The equation (5), (6) 

and (7) are used to stimulate the hunting process of the GWO.  

                                       (5) 

                 

 

                                       (6) 

                                       (7) 

Where, the and are the positions of the alpha wolf, beta wolf 

and delta wolf, respectively. The average state of the position obtained from 

the alpha wolf, beta wolf and delta wolf is given in equation (8). This 

average position gives the optimum position of the grey wolf.  

                                                      (8) 

The outcomes in high nearby optima avoidance and quick convergence 

all the while of proposed GWO procedure for taking care of our concern. The 

extraordinary points of interest of GWO are that the calculation is 

straightforward, adaptable, strong and simple to execute [6]. 

Dark wolves can perceive the area of prey and circle them. The chase is 

typically guided by alpha (α) called leaders followed by beta (β) and delta (δ) 

, which likewise take an interest in chasing incidentally. Ultimately, comes to 

delta (δ) and omega (ω) who deal with the injured frauds. Therefore, we refer 

to the alpha as the applicant arrangement having better information about the 

area of prey. The dark wolves finish the chase by assaulting the prey when 

quits moving [4]. Figure 2 shows Flowchart for the Proposed Method. 

During inappropriate brightening, the P–V bend is requested by various 

peaks having diverse local tops (LPs) and one Global Peaks (GP). It is to  
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observe that when the wolves find the MPP, their associated coefficient 

vectors become comparable to zero. In the proposed technique, an 

undertaking has been made to merge GWO with obligation cycle control, i.e., 

at the MPP, obligation cycle is upheld at a consistent worth , which in this 

way reduces the consistent state motions in standard MPPT strategies lastly, 

the force misfortune in light of motions is diminished achieving higher 

structure profitability. To realize the GWO-based MPPT, obligation cycle D 

is portrayed as a dim wolf" [3]. The obligation cycle condition is made as (9) 

. 

                                                                                   (9) 

 
Thus, the fitness function of the GWO algorithm is developed below 

equation. 

      

Represents power, is duty cycle,  is the number of current grey 

wolves, and is the number of iterations.  

 
Figure 2 Flowchart for the Proposed Method 

 

Step 1: Initially, the input parameters are selected such as irradiation, duty 

cycle, voltage and current. 

Step 2: Initialize the GWO control parameters such as coefficient vector, 

alpha, beta and delta with proper dimensions. Accordingly, the position of 

grey wolf and prey gets represented. 
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Step 3: Then calculate the fitness function for all search agents with respect 

to various irradiation conditions. 

Step 4: When the coefficient vectors become equal to the maximum ranges, 

grey wolf finds the MPP at that point. 

Step 5: From the evaluation, agent position gets updated the maximum 

power is obtained, which is checked with the previous power values 

Step 6: If the condition attains the maximum power, this process gets 

stopped. Otherwise, it will move on step 2 for the regeneration process. 

Step 7: In FLC, the obtained output from the GWO and battery power is 

given as input to control the battery sources. 

Step 8: According to the rule table, it will construct the modulation index 

value, which will trigger the battery source to compensate the load demand. 

 

3 Result and Discussion 

 

From the simulation illustration, PV (Photovoltaic) is considered 

the primary source. Meanwhile, Battery is used as energy storage because of 

the necessity to store the power during peak hours for which can be used in 

off-peak periods. In the figure, PV cans flexibly the most extreme intensity 

of 100KW, where the heap necessity additionally set as 100KW. In any case, 

PV board is relying on the climate, at times not get the best possible 

radiation, so around then battery is used to satisfy the heap necessities. If the 

load requirement is low while getting better radiation in PV, that generated 

power is stored in the battery. When the heap request is discovered by FLC, 

that worth is upgraded by GWO method to deal with the framework. 

Sometimes, the yield power from PV is anticipated as incorrect, EMS can 

satisfy the heap need. Thus, around then, GWO with FLC used to streamline 

the heap interest. The recreation chart for whole framework has appeared in 

figure 3. Table 1,2 and 3 provides Specifications of PV Module, Battery and 

Grid. 
Table 1 Specifications of PV Module 
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Table 2 Specifications of Battery 

 
Table 3 Specifications of Grid  

 
 

The execution of the proposed strategy is completed in the 

MATLAB/SIMULINK stage. The grid tied PV framework is demonstrated 

and PQ is analyzed utilizing the FLC/GWO advancement strategy. The 

proposed strategy controls the duty ratio of the lift boost converter to upgrade 

power quality. The efficiency of the projected process is checked by 

changing the irradiation and cell temperature. The obtained results are 

displayed and conferred in the following. The charged battery power with 

respective DC link voltage is shown in below figure 4. 
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 Figure 3 Grid Connected PV and Battery with Proposed Technique 
 

 
 

Figure 4 Battery Power 
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Figure 5 MPPT Voltage for Proposed Controller 

  

 
 

Figure 6 MPPT Current for the Proposed Controller 

 

Figures 5 and 6 depict results of MPPT voltage and MPPT 

current, respectively. MPPT voltage and MPPT current of hybrid GWO-FLC 

are taken with two controllers, one is GWO and another is FLC. These 

MPPT performances are taken for the PV module integrated into the grid-

connected RES. Figure 4 and Figure 5 show that the MPPT performances of 

the hybrid GWO-FLC controller are better than the remaining controllers. 

MPPT power of PV is also higher compared to GWO and FLC controllers. 

This proposed GWO-FLC controller results in higher MPPT current and 

MPPT voltage due to the addition of change in current and it improves the 

system’s performance in both steady state and dynamic state. 
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 Figure 7 Extracted PV Power for GWO Method  
 

 
Figure 8 Extracted PV Power for FLC Method 

 

  
Figure 9 Extracted PV Power for the Hybrid GWO-FLC Method 
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The behavior of the various techniques is examined when PV irradiation 

is changed, which is shown in above figures 7,8 and 9 respectively. In 

addition, also demonstrates the resultant power produced by the modeled PV 

system for every strategy when varying the solar irradiation level. The 

comparison table for extracted PV power by using different techniques is 

shown in below table 4. From the table, it indicates that GWO controller 

extracts the maximum power of 74.56 kW, where FLC controller extracts 

83.14 kW and a hybrid combination of GWO-FLC extracts maximum power 

of 91.77 kW, which is much better than previous controllers. 
 

Table 4 Comparison of PV Power 

 

 
Figure 10 Comparison Graph for PV power 

  

In this work, a fuzzy controller with a single input and output was 

designed. The power from PV is specified as input, which is given to FLC 

and the modulation index is used to control the boost converter, which is 

used to attain the output. The value of modulation index will be in between 0 

and 1. For the input PV power and output modulation index, three 

membership functions were defined. The maximum range of PV power for 

the modulation index is (0 to 1) and all three fuzzy rules are applied to the 

controller. Finally, the modulation index value will be used to modify the 

duty ratio of boost converter. FLC is used for controlling the battery power, it 

will trigger the battery when the solar power is very less. Figure 10 shows 

Comparison Graph for PV power. 
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Figure 11 Grid Parameters of Voltage and Current 

 

The PV power, obligation pattern of lift converter and lattice boundaries 

are dissected at various conditions to check the improvement in power 

quality. The lattice boundaries such as, voltage and current are given in Fig 

11.The grid current delivered between 0.075s and 0.12s is presented and 

overall grid current supplied to the main grid and current supplied  between 

1.115s and 1.155s is presented in Figure. High grid current and grid voltage 

produced from the system generates higher grid power under different 

irradiance and temperature levels. MPPT with hybrid GWO-FLC controller 

selects MPP from the primary source (PV module). The selection of an 

appropriate MPP creates higher power compared to the remaining three 

controllers. It justifies that the developed RES with proposed GWO-FLC 

controller satisfies higher energy demand. 

The symphonious examination of burden side current is done at various 

conditions and its estimation is given in beneath figures. In the prior 

investigations, PQ of PV framework yield was improved utilizing PI 

regulator and ANN-PI regulator. The PI regulator diminished the THD just 

up to 11% in lattice current and the outcomes from ANN-PI additionally had 

7% THD. The above outcomes reasoned that the GWO-FLC based 

improvement strategy is extremely successful in unique climate conditions 

and gives lesser music contrasted with different methods. The total 

harmonic distortion level of this current and FFT analysis of the inverter 

output current is 4.09 %. The presentation of the suggested technique is 

assessed by means of the comparison analysis with the presented technique. 

The assessment properties represent that the projected technique be a 

favorable solution for PQ improvement of PV systems under grid side faults, 

which is proficient over the other conventional techniques which is 

mentioned in section given below. 
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Figure 12 FFT Analysis of GWO method 

 

 
Figure 13 FFT Analysis of FLC Method 
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Figure 14 FFT Analysis of Hybrid GWO-FLC method 

 
Table 5 Comparison of THD Analysis for existing techniques and proposed 

techniques. 
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Table 6 Comparison of THD Analysis 

 
The THD of proposed GWO-FLC controller is less compared with the 

existing controllers. The main sources of THD vary based on converter’s DC 

signal, the nonlinear load demand, inappropriate switching control and less 

irradiance. The GWO-FLC based switching over PV and battery is used to 

satisfy non-linear load demand and it gives appropriate switching to the 

respective devices during variable load demand. From figure 12, 13 and 14, it 

indicates that the proposed GWO-FLC provides less THD compared with 

GWO method and FLC method. Moreover, the FFT analysis of GWO gives 

the THD value of 5.02, whereas the FLC method gives the THD as 4.18, 

which is higher than proposed GWO-FLC, which attains the value as 4.09. 

From the correlation table 5 and 6, it plainly shows that the THD of the 

proposed regulator is better over the current methods [22] and [23]. It can 

establish that the extended strategy adequately upgrades the PQ of the 

framework-associated PV framework contrasted with the customary 

procedures. Table 5 and 6 provides Comparative value for  of THD Analysis 

for existing techniques and proposed techniques. 

 

4 Conclusion 
 

This work projected an effective energy managing system based on 

GWO-FLC algorithm intended for stand-alone solar power source equipped 

with a battery bank. In anticipated EMS, the FLC is implemented with the 

suitable rule inference system designed by the domain expert and the GWO 

is presented for optimizing the membership functions of FLC. This 

anticipated method implemented using MATLAB/SIMULINK and the 

results indicates that proposed EMS helps the HRES produce electric energy 

to satisfy the load demand under different time variation time and 

environmental conditions. The results obtained from the conventional 

methods at THD level are 4.81%. However, the proposed power quality 

improvement method reduced the THD up to 4.09 %, which is very less 

compared to the ordinary methods. The proposed method offers superior 

performance and higher power quality compared to conventional RBFNN 

and IC-MPPT based control strategies. Later on, this examination can be 

reached out by altering the topology of multi-level inverter or utilizing an 

ongoing novel improvement strategy to upgrade the highlights of Power 

quality. 
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