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This paper presents a methodology for Hybrid SSA-WOA optimization of 

renewable energy (RE) sources, i.e, hybrid Wind - PV and solar, and state-of-

the-art hybrid energy storage system (HESS) comprising of battery energy 

storage (BES) and supercapacitor (SC) storage technology, employed in a grid-

connected microgrid (MG). The problem involves multiple fields, i.e., RE, 

battery technology, SC technology, and control theory, and requires an efficient 

and precise co-ordination between sub-fields to harness the full benefits, this 

makes the problem labyrinthine. The optimization problem is formulated, and it 

involves variety of realistic constraints from both hybrid generation and storage, 

and an objective function is proposed to (i) minimize the cost, (ii) improve the 

reliability, and (iii) curtail greenhouse gases (GHG) emissions. The power 

balance is maintained by an energy management system for the variations of 

renewable energy power generation and also for the load demand variations. 

This microgrid operates in standalone mode and provides a testing platform for 

different control algorithms, energy management systems and test conditions. A 

real-time control is performed by rapid control prototyping to test and validate 

the control algorithms of microgrid system experimentally. The proposed 

SSSA-WOA based small-scale renewable energy based microgrid can be used 

as a test bench for research and testing of SSSA-WOA in smart grid 

applications. 

Keywords: SSSA-WOA, Perturb and Observe algorithm (P&O) and 

incremental inductance, boost converter; fuzzy neural network controller; 

gradient descent algorithm; maximum power point tracking; Hybrid Wind - PV 

system 
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1. Introduction 

Expanding the energy interest all throughout the planet has zeroed in consideration on the 

need to foster inexhaustible economical sources with insignificant ecological effect. Of the 

multitude of expected sustainable wellsprings of energy, that got from hybrid Wind - PV  

based force keeps on filling in unmistakable quality as it tends to be used to produce electrical 

force without contamination and is promptly accessible all throughout the planet. Most 

altogether, albeit the expense of establishment is as yet restrictive [1,2], when functional, the 

expense of the activity and upkeep is generally low and monetarily serious with other 

accessible force sources. A vital part of the hybrid Wind - PV based turbine is that it is a not-

fixed voltage or current source, and consequently relies on the variety in illumination, hybrid 

Wind - PV, and burden. Hence, the general productivity of the hybrid Wind - PVlight based 

exhibit can be significantly low because of these varieties. To enhance the productivity of the 

hybrid Wind - PV based turbine, the greatest force point following (MPPT) method is used to 

upgrade the yield. This procedure can acquire the greatest conceivable force from a shifting 

source by utilizing a controlled DC-DC converter with a one of a kind following calculation 

presented between the Hybrid Wind - PV exhibit and the heap. Numerous MPPT strategies 

have been introduced in the writing [1,3,4] including: Incremental Conductance (IC), Perturb 

and Observe (P and O), and the Feedback Linearization Method. Be that as it may, the 

majority of them have restrictions because of the non-direct attributes of hybrid Wind - PV 

turbine. All the more as of late, astute strategies utilizing neural organization and fluffy 

rationale are introduced as a successful way to deal with follow the greatest force from the 

hybrid Wind - PV turbine equivalent with changing barometrical conditions [5–8]. Such 

clever strategies dependent on MPPT give the office to accomplish a quicker reaction with 

more noteworthy exactness contrasted and traditional methods. In this paper, a Artificial 

neural Network (SSA-WOA) regulator dependent on the MPPT procedure has been plSSA-

WOAed and executed to control the obligation pattern of a lift converter and to evoke the 

greatest force from the hybrid Wind - PV  turbine. The coordinating of fluffy rationale with a 

neural organization is more helpful for MPPT contrasted and regular regulators by conquering 

the constraints of the individual methods. Specifically, this offers higher precision with the 

non-straight conduct of hybrid Wind - PV power system. The boundaries of the SSA-WOA 

regulator are additionally refined utilizing a slope plummet based back-proliferation 

calculation to acquire the ideal outcomes 

 

2. Related Work 

The shows of chosen inductor by High lift and buck converters have been investigated in Park 

et al. (2005) and Yao et al. (2005). Current amendments guarantee the case of tapped inductor 

in high lift converters Fohringer et al. (2006), Vazquez et al. (2007) and Lee et al. (2011). In 

Fohringer et al. (2006), it is uncovered that the lift converter with the tapped inductor has a 

higher exchange proportion on relating with the conventional move forward circuit design for 

the same obligation relationship. The converter in Fohringer et al. (2006) additionally has lesser 

voltage pressure through the obstruction capacitor, however a more prominent current tension 

on the source sidestep capacitor. In Vazquez et al. (2007), an incredible move forward 

utilization of tapped-inductor move forward arrangement is assigned and analyzed, right now it 

was likewise settled that for clarifying remarkable move forward necessities, the converter as an 
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upstanding decision.  

 

Hybrid Wind - PVlight based photograph voltaic frameworks with the solicitation of tapped 

inductor circuit arrangement has been thought in Yris et al. (2010) and Lee et al. (2011). In Yris 

et al. (2010), a stage down-move forward circuit setup through tapped inductor is thought of, 

highlight to picking the arrangement which is proper for a durable hybrid Wind - PVlight based 

photograph voltaic inverter, which is valuable for homegrown utilization through connecting to 

a 1φ organization. In this examination work, regardless of whether the improvement of the 

progression down-move forward through tapped-Inductor was progressed than the addition 

achieved through the conventional advance down-move forward setup was affirmed. It was 

besides settled in Yris et al. (2010) that in a minor 1φ inverter inside hybrid Wind - PV based  

structures crossed to the matrix organization, the utilization of the progression down-move 

forward through tapped inductor lacking ground is likewise reachable.  

 

Second rate power than the cluster rating is circulated because of contradiction misfortune, 

David et al. (2015). On coordinating a profoundly efficient DC-DC design with greatest 

working point following capacity the force misfortunes are unfavorably consolidated. To ensure 

the ideal abuse of hybrid Wind - PV oriented photograph voltaic units, numerous most extreme 

force following calculations arrangements are created Esram et al. (2017), Jain et al. (2017) and 

Wasynczuk et al. (2013). The identifying of the yield current and voltage of hybrid Wind - PV 

oriented photograph voltaic modules are normally convoluted in the applications, and to take 

advantage of force stressed from the hybrid Wind - PV based photograph voltaic modules, the 

data‟s are utilized by the most extreme force point following strategies as introduced 

 

Geoffrey et al. (2004) depicted that the more elevated levels of direct current voltage can be 

accomplished by interfacing the hybrid Wind - PV  boards in series way with lower current 

levels and higher efficiencies. the bury association of hybrid Wind - PV  boards are known as 

hybrid Wind - PV  exhibits. at the point when the hybrid Wind - PV  boards are associated in 

series is called as strings. Yet, the extended strings of photograph voltaic boards have an 

enormous number of challenges especially when the string is working under non-uniform 

conditions of radiation.  

 

Falling of two DC-DC high move forward converters can be the one of conceivable technique 

for expanding the voltage extension (acquire) of a hybrid Wind - PV based photograph voltaic 

cluster. The setup is introduced in Figure 2.2. As proposed in Geoffrey et al. (2004), to shape a 

string, each board takes its individual converter, and the boards through their connected 

converters are as yet situated in grouping. It was on the other hand chosen in Geoffrey et al. 

(2004) that this game plan doesn't have any capacity to convey the total measure of yield power 

in every one of the occasions starting at a mix of out of the hybrid Wind - PV (concealed) 

boards and those providing full force. This is for the explanation that if a hybrid Wind - PVlight 

based photograph voltaic board is out of the hybrid Wind - PV or concealed, its present drops 

and the current in the entire string must destruction to the worth of the lowermost  

 

Some dynamic braced circuit designs are proposed to decrease the exchanging voltage stress 

brought about by the stream or spillage inductance voltage in Yang et al. (2010), Duarte et al. 
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(2002), Roh et al. (2004), Tseng et al. (2004) and Wu et al. (2008). These further developed 

circuit arrangements are recuperates the stream energy with ostensible voltage stress through the 

switch and results bigger yield voltage. On the other hand, these further developed dynamic 

cinch setups experiences a few disadvantages as follows circuit involvedness, significant 

expense and misfortunes attributable to the hold circuit plan. A disappointment might happen 

because of the covering of preeminent and dynamic cinch switch entryway drive signals 

guaranteed by Lee et al. (2003).  

 

Different stage move forward converters designs with intertwined which is referenced as 

interleaved exchanging in a large portion of the writing have recognized significant 

consideration in hybrid Wind - PV oriented photograph voltaic applications guaranteed by Yang 

et al. (2010) and Li et al. (2007). In such intertwined/interleaved converters, move forward 

converters are associated equal way to expand energy proficiency through dropping the amount 

of responsive force fatigued as of the source. .  

 

Dhople et al. (2019) portrayed the different coherent constructions of two-stage move forward 

converters through entwined exchanging in lieu of hybrid Wind - PVlight based photograph 

voltaic applications particularly under consistent state working conditions. The inspected 

technique in Dhople et al. (2019) contained the flawed attributes and set up a technique to take 

advantage of the force yield of the hybrid Wind - PVlight based hybrid Wind - PV  source 

dependent on the exchanging plan which are related on voltage and current flaw association.  

 

3. Proposed Method 

The Implementation of This Research paper is given below.  

 The framework associated mixture sustainable framework is acknowledged by 

discrete voltage source converters and battery reinforcement framework in order to infuse 

nonstop capacity to the microgrid.  

 Free and strong controls of MPPT of the introduced sustainable sources are 

performed by basic SSA-WOA regulator.  

 A bidirectional converter constrained by SSA-WOA regulator is utilized to keep up 

with steady voltage at the PCC.  

 The state-space model of the exchanged Modular Resonant Cell converter is created 

to examine the framework dependability, and the reenacted viability of the general framework 

is approved by fostering the model of the framework.  

Fig 1: Proposed System Representation 
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All the above converters and control strategies work just the energy accessible in HYBRID 

WIND - PV and twist, individually. Other than the variety in accessible energy during 

daytime and hybrid Wind - PV blowing period, there might be some time that both the 

sources neglect to deliver power. To keep away from such no availability of force, battery 

reinforcement is executed in the network associated framework. A shrewd dispatch 

framework is needed to control the force dispatch from battery unit [26]. As the heaps 

associated with the network are dubious and are at risk to fluctuate, customary battery the 

board conspire can't be used to oversee power stream among the battery and matrix. The 

current regulators supply the whole force of the battery to the framework if the heap esteem 

increments and the battery might empty out totally. In the event that this interaction proceeds, 

the battery life expectancy limited which thus causes blackout and diminishes the 

dependability of whole framework. In this manner, it is fundamental for carry out brilliant 

regulators for effective administration of battery framework [27, 28,29,30]. The yields of 

converters of HYBRID WIND - PV and hybrid Wind - PV sources and battery are associated 

at the normal coupling point where a consistent DC voltage is kept up with the proposed 

framework. This voltage is coupled to the network through 3ф voltage source inverter (VSI) 

and channel circuits. As staggered inverter [31, 32] and Modular Resonant Cell inverter [33, 

34] business makes the circuit unpredictable and exorbitant and diminishes the framework 

effectiveness, a customary VSI with LC channel is carried out in our framework. Also, half 

breed framework works with coherence in power stream, along these lines further developing 

the unwavering quality [35, 36] 

Modeling Of Grid Connected Hybrid Wind - Pv 

The turbine generator transfers the torque produced from the turbine blades to the rotor of the 

generator by which alternating electrical energy is produced. This generator is associated with 

a rectifier circuit to give a DC power equivalent to the one generated from the hybrid Wind - 

PV system. The rectifier output is controlled to extricate optimum power from the breeze 

turbine as per the accompanying standards. 

The basic condition which governs the mechanical power of rotor edges and by 

which the electrical power is driven is given by 

        
where ρρ is the density of air (kg/m3), A is the territory covered by the blades of the turbine 

(m2), V is the velocity of hybrid Wind - PV (m/s) and Cp is the coefficient of power. 

Consequently, if the density of air, the region covered by hybrid Wind - PV and speed are 

kept as constant, then the power output will vary with its coefficient. The breeze turbine is 

typically characterized by its Cp-TSR, where the TSR is the tip-speed proportion and is 

expressed as: 

           
R and ωm are the radius or turbine blade and the rotational angular velocity. The maximum 

value of power coefficient is expressed if the tip-speed ratio value is optimum, TSRopt which 

brings about maximum efficiency, and thus the maximum power is absorbed by the turbine. 

As observed from (1), the maximum power output is varying hybrid Wind - PV and 

https://link.springer.com/article/10.1007/s00202-021-01231-7#Equ5
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rotor speeds. As the hybrid Wind - PV speed is not controlled, the rotor speed ought to be 

controlled to follow the TSRopt. This is accomplished by implementing a speed control 

mechanism in the system so that the rotor runs at high speed when hybrid Wind - PV speed is 

high and runs at low speed as hybrid Wind - PV speed lowers. The speed control of the rotor 

is employed to control and maximize the TSR and the power coefficient. 

Using (1), the maximum rotor speed is calculated as 

Combining Eqs. (1) and (3), the output torque corresponding to maximum power is 

 
 

4. PROPOSED SWITCHED RESONANT CELL MODULAR CONVERTER 

Shows the proposed medium voltage step-up converter, where the input DC side consists of 8 

switches that are arranged so that two pairs of two switches are connected to the input of the 

LCL resonant circuit. One switch in each pair turns on for the interval dTs while the other 

switch in the same pair turns on during the interval (1-d)Ts. Hence, the switch voltage is equal 

to a quarter of the input DC voltage (Vi). In the two resonant circuits, the series capacitors 

(Cs1 & Cs2) block the DC component in vs1 and vs2 and form the resonant circuit with the 

series inductor (Ls1 & Ls2) and the magnetizing inductors (Lm1 & Lm2) of the two 

transformers. The resonant inductors (Lm1 & Lm2) can be integrated with the transformers to 

further reduce the number of magnetic components in the circuit. By operates the resonant 

currents (ires1 & ires2) slightly lagging behind the input voltages (vs1 & vs2),  ZVS turn-on 

is achieved for all the switches. Snubber capacitors (Cds1 – Cds8) are added across each of 

the transistors to minimize the turn-off switching losses. Due to the use of 

LCL resonant circuits, a simple capacitive output filter can be used in the high frequency 

rectifier.. 

 

5. OPERATION PRINCIPLES 

The operating principles of the proposed converter can be discussed according to the 

operating waveforms in Fig. 4. The operating principles of the circuit can be explained by 

four operating stages within a switching period (Ts), as shown in Fig. 5. In this converter, 

switches (S1, S4, S5, S8) and (S2, S3, S6,S7) operate in complementary fashion. (S1, S4, S5, 

S8) turn on during the interval dTs whereas (S2, S3, S6, S7) turn on during the interval (1-

d)Ts. It should be noted that the dead-time between the turn-on of all the switches is ignored 

in the following analysis.  

https://link.springer.com/article/10.1007/s00202-021-01231-7#Equ4
https://link.springer.com/article/10.1007/s00202-021-01231-7#Equ6
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Figure 3: converter Modes 
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The operating principles of the proposed converter can be discussed according to the 

operating waveforms in Fig. 4. The operating principles of the circuit can be explained by 

four operating stages within a switching period (Ts), as shown in Fig. 5. In this converter, 

switches (S1, S4, S5, S8) and (S2, S3, S6,S7) operate in complementary fashion. (S1, S4, S5, 

S8) turn on during the interval dTs whereas (S2, S3, S6, S7) turn on during the interval (1-

d)Ts. It should be noted that the dead-time between the turn-on of all the switches is ignored 

in the following analysis.  

[t0<t<t1]: At t0, the gate signals are applied to S1, S4, S5 and S8, due to the negative resonant 

current in both LCL resonant circuits, the anti-parallel diodes of S1, S4, S5 and S8 are forced 

to turn on. During this time, the voltage across S2, S3, S6 and S7 are all clamped to Vi/4.  

[t1<t<t2]: At t1, the negative resonant currents in the previous stage become positive, and S1, 

S4, S5 and S8 are turned on under ZVS.  

 
 

MODE 2 

[t3<t<t4]: At t3, the gate signals are applied to S2, S3, S6 and S7, the positive resonant current 

in both LCL resonant circuits flow through the anti-parallel diodes of S2, S3, S6 and S7. 

During this 

time, the voltage across S1, S4, S5 and S8 are all clamped to Vi/4.  

 

[t4<t<t5]: the resonant currents in this stage become negative, and S2, S3, S6 and S7 are now 

turned on under ZVS.  

 

When S is opened, D1 and D2 are closed, Do is in reverse blocking state, capacitances C1 and 

C3 are charged via L1 and L2, and C2 gets charged as Vi and L1 are in series with L2, and the 

current flows through the load RL via capacitor Co. The resultant steady-state equations are: 

VL1+VC1=0, 

VL2+VC3=0 

VL1+VC1=0, 

VL2+VC3=0 and   

Vi=VL1−VC3+VC2  

  

According to volt-time balance condition of the inductance, the average voltage 

across the inductance in the steady state is ‘0.’ The duty proportion of switch is defined 

as, D = Ton/Ts, where Ton is the conduction period of switch S, Ts is the total switching time. 

Thus, 
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.  

 

6. MODELLING OF CONVERTER 

The energy management of the proposed work is performed by battery units and a 

bidirectional converter so that the potential at PCC will be at the optimum level of 230 V 

which is more than the maximum storage capacity of batteries (240 V). The properly 

connected low-voltage battery series eliminates the voltage equalization problem found in 

single-turbine battery. Thus, the optimum DC link voltage is maintained at the PCC with 

increased battery life cycle. 

 

At first the ON time of the pulse period is maintained at 50% and the converter will neither 

work in step up nor step down mode and there will not be power stream between battery and 

grid. The contrast between the PCC voltage amplitude and terminal voltage level of batteries 

varies the obligation pattern of the converter using the SSA-WOA controller. 

 

At the point when the output of the sustainable sources is beneath the battery voltage level, 

the bidirectional converter operates in a boost mode and the power from batteries i extricated 

to the PCC. Also, when the PCC potential is more than the battery voltage, the converter 

converts its mode to buck and the power starts to flow from the PCC to battery and thus 

battery gets charged. 

 

Additionally to decrease the tension at the PCC and to ensure a stable power flow, batteries 

are included at the PCC. To guarantee ideal plSSA-WOAing, it is critical to have precise 

breeze determining and the information on SOC of the battery. SOC provides the data with 

respect to how much power available in the battery, and it is depending on inward boundaries, 

hybrid Wind - PV and aging of the batteries. The exact estimation of SOC is yet at research. 

Among the various techniques to quantify SOC, estimation using ampere hour tallying is 

utilized in most of the applications. SOC at‘t’ is gotten by utilizing (11) where Q is to the 

battery limit, SOC(0) is the underlying SOC, I(t) is the charging or releasing current of the 

 

https://link.springer.com/article/10.1007/s00202-021-01231-7#Equ16
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It is necessary to keep up SOC of the battery inside the base and most extreme levels for 

efficient utilization of battery energy and hence for power booking. The favored degrees of 

battery activity considered are 20–90% of SOC. 

 

When the renewable power is not exactly the plSSA-WOAed worth, battery gives the rest of 

the power, and when the power is overabundance than the network request, power is 

consumed by the battery. Using the SSA-WOA controller, the control pulse is produced by 

contrasting voltage at the PCC with the battery terminal voltage. 

 

7. MAXIMUM POWER POINT SEARCHING METHOD-SSA-WOA 

The SSA-WOA regulator MPPT is used to follow the MPP. Figure 4 portrays the general 

square outline of the SSA-WOA regulator dependent on MPPT for a HYBRID WIND - PV  

framework. The ideal HYBRID WIND - PV  framework comprises of a HYBRID WIND - 

PV  board, a lift converter with a MPPT calculation, and burden. The fundamental objective 

of the MPPT calculation is to set the obligation pattern of the lift converter to cause the 

converter to convey the most extreme capacity to the heap at some random hybrid Wind - PV 

and speed. The information impedance of the lift converter (which is the same opposition that 

accomplishes the prerequisite to extricate the greatest force) is determined utilizing the 

condition beneath  

 

Keeping yield impedance steady, the obligation cycle is changed utilizing the MPPT 

procedure until the info impedance seen from the source is equivalent to the ideal burden 

impedance. The SSA-WOA regulator dependent on MPPT takes the working hybrid Wind - 

PV and speed from the HYBRID WIND - PV  board as the info factors. The boundaries of 

the SSA-WOA regulator are preparing and enhanced agreeing to the mean square mistake 

capacity to obtain a superior yield. The yield of the SSA-WOA regulator is contrasted and a 

high-recurrence transporter sign to get the ideal obligation pattern of the lift converter which 

harmonizes to Pmax for some random climate conditions 

.  

Figure 4: Basic Structure of SSA-WOA 
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Salp Swarm Algorithm -  Wolf optimization Algorithm  

A Hybrid Optimization algorithm organization is a computational model emulating the 

natural neural organization [43]. In a particularly model, a neuron is a handling unit that first 

straightly gauges the information sources, then, at that point expounds the total through a 

nonlinear capacity, called initiation work (AF) and, at last, sends the outcomes to the 

accompanying neurons [44]. The model of a typical neuron is given by the relationship (4), 

where z is the contention of the AF, as displayed in Fig.4 

 
Figure 4: Characteristics of P-V 

also, x1, x2, ... , xM are the M approaching signs, and w1, w2, ... , wM are the connected 

neurotransmitters loads. Distinctive AFs have been proposed in writing [45] like edge, direct 

and sigmoid exchange works; the final remaining one (5) is utilized for the situation study.  

Figure 5: Flow Diagram of SSA-WOA MPPT 
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Fundamentally, the SSA-WOA can be addressed by a coordinated chart where the hubs and 

the edges are, separately, the neurons and the neurotransmitters [46]. Two unique 

fundamental sorts of SSA-WOA's design emerge from the mSSA-WOAer in which the 

neurons are associated with one another: feed-forward neural organization (SSA-WOA) [47] 

and repetitive neural organization (RNN) [48]. The construction of a multi-facet SSA-WOA 

considered in the proposed application is portrayed in Fig. 5, where the neurons of the 

information layer acts just as cushions for conveying the information signals (VHYBRID 

WIND - PV , IHYBRID WIND - PV ). The yield layer has one neuron giving the voltage 

esteem VEMMPA relating to the EMPPA. The considered SSA-WOA has been prepared by 

utilizing the backpropagation (BP) calculation with the Levenberg-Marquardt enhancement 

technique [49], which is the most utilized directed learning strategy for SSA-WOA. An 

administered learning technique [50]  

 
plan to prepare the SSA-WOA by giving it a few mixes of wanted arrangements and the 

connected worth of the information sources. Right away, the loads are, normally arbitrarily, 

set. Then, at that point a managed learning strategy is applied to appropriately adjust the 

loads, to decrease the mistake between each ideal yield design and the arrangement gave by 

the SSA-WOA to the connected info design. In the proposed application, at each phase of the 

learning cycle, the ideal yield design is the voltage esteem identified with the GMPP and the 

information designs are the upsides of VHYBRID WIND - PV , IHYBRID WIND - PV  at 

the n focuses where the P–V trademark is assessed for a particular arrangement of hybrid 

Wind - PV based speed dispersion and boards hybrid Wind - PV.    

 
The examples with an indistinguishable P–V bend could be assembled to decrease the 

preparation time frame, that is the point at which an example creates a bend indistinguishable 

from an example previously used to prepare the SSA-WOA, utilize the bend again could be 
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kept away from to lessen the preparation time. Then again, the more prominent the quantity 

of examples with an indistinguishable P–V bend, the more noteworthy the likelihood that 

comparative situations happens, and, therefore, the more noteworthy the likelihood that the 

SSA-WOA needs to met the genuine GMPP in comparative bends.   

 

The SSA-WOA ought to have the option to track down the genuine GMPP particularly for the 

more likely situations to amplify the put away energy. Subsequently, the utilization, all things 

considered, to prepare the SSA-WOA expects to make it more appropriate to accurately 

distinguish the genuine GMPP in HYBRID WIND - PV  bends much of the time happening, 

albeit this methodology involves a more prominent preparing time. The capacity of the whole 

technique (SSA-WOA + PS) to effectively recognize the genuine GMPP relies upon the 

learning cycle just as on the SSA-WOA's construction. The more noteworthy the quantity of 

couples (VHYBRID WIND - PV , IHYBRID WIND - PV ) at which the P–V trademark is 

assessed the more prominent the likelihood that the EMPP approaches the genuine GMPP. 

Then again, a high number of estimations (VHYBRID WIND - PV , IHYBRID WIND - PV ) 

to be assessed infers a more intricate organization and, particularly, includes a high an ideal 

opportunity to follow the GMPP varieties. The presentation of the whole strategy must be 

registered for various SSA-WOA structures, by utilizing consistently a similar PS technique, 

to help chiefs in the decision of the quantity of ingoing couples (VHYBRID WIND - PV , 

IHYBRID WIND - PV ), the quantity of covered up layers and neurons per layer, which are 

appropriate to give the best tradeoff between the exhibition of the whole strategy and its 

computational weight. In this viewpoint, the accompanying Performance Quality Indices 

(PQIs) are considered to survey the decency of the arrangement given by the whole MPPT 

technique just as by the SSA-WOA alone  

 

where I is the quantity of tests executed to survey the exhibition, GMPPi is the worldwide 

MPP when the I-th test is thought of, EMPPi is the worldwide MPP regarded by the general 

framework when the I-th test is thought of, EMPPAi is the worldwide MPP regarded simply 

by the SSA-WOA when the I-th test is thought of (that is, before the PS is applied); 

simulated intelligence is a consistent equivalents to 1 if EMPPAi falls inside similar slope of 

the GMPPi when the I-th test is thought of, else it is equivalent to 0 (see Fig. 4). The file 

PQI1 gives a proportion of the integrity of the EMPP furnished by the whole technique as for 

the genuine GMPP esteem. 

 
Figure 7: Evaluated Maximum power point value 
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The more noteworthy PQI1 the better the normal capacity of the whole strategy to meet the 

genuine GMPP, for example PQI1 equivalent to 100 implies that worldwide MPP regarded by 

the general framework is consistently equivalent to the genuine one in completely executed 

tests. PQI2 is the level of times the EMPPA falls inside the slope of the GMPP. The more 

prominent PQI2 the better the normal capacity of the SSA-WOA to give to the PS a 

beginning stage (VEMMPA, PEMMPA), falling in the equivalent ''slope'' where the genuine 

GMPP is found. The more prominent PQI2 the lower the PS exertion and, therefore, the time 

spent to arrive at the GMPP. The record PQI3 gives a proportion of the integrity of the 

EMPPA considering just when it falls inside the slope of the GMPP. The more noteworthy 

PQI3 the better the normal capacity of the SSA-WOA to give to the PS a beginning stage 

(VEMMPA, PEMMPA) near the genuine GMPP, when this beginning stage falls inside a 

similar GMPP's ''slope''. An SSA-WOA doesn't work as expected when it gives a beginning 

stage outside from the GMPP's ''slope''. Then again, if the pinnacle of the slope where the PS 

works has a comparative abundancy than that where GMPP is found, the deceptive 

arrangement given by the SSA-WOA has a somewhat adverse consequence on the 

presentation of the whole technique. In such mSSA-WOAer, PQI4 gives a proportion of the 

decency of the EMPP accomplished by the whole technique considering just when it falls 

outside from the slope of the GMPP. PQI1 and PQI4 permit to in a roundabout way analyze 

the SSA-WOAs since they give a proportion of the decency of the whole MPPT strategy. 

Specifically, PQI1 is the most huge since it gives data about the exhibition of the whole 

MPPT strategy when every one of the reenactments are thought of, while just a particular 

subset of recreations are considered for PQI4. PQI2 and PQI3 straightforwardly measure the 

decency of the SSA-WOA based MPPT strategy alone, yet they need on an outline on the 

presentation of the whole MPPT technique. Then again, an enhancement for PQI2, PQI3 and 

PQI4 decidedly influences PQI1. Truth be told, PQI1 incorporates overall every one of the 

perspectives accounted by the other files, so it gives the most complete data about how the 

presentation of the whole strategy changes when the SSA-WOA's design changes. 

Consequently, PQI1 must be utilized to distinguish the best SSA-WOA's design. Then again, 

the other PQIs are helpful in any case, since they empower the creator to get a handle on how 

much the various issues influence the capacity of the whole strategy to meet the genuine 

GMPP. The quantity of tops in the P–V trademark, their sizes, and the general idea of the 

HYBRID WIND - PV  bend is completely subject to the hybrid Wind - PV of every module 

creating the HYBRID WIND - PV  framework, the insolation level, the concealing example, 

and the exhibit arrangement [41]. The greatest number of slopes in the P–V bend is identified 

with the quantity of HYBRID WIND - PV  modules series associated, demonstrated in the 

accompanying as nos. From this point forward, the base number of couples (VHYBRID 

WIND - PV , IHYBRID WIND - PV ) is picked equivalent to nos, accordingly the base 

number of info neurons is 2nos. In reality, the quantity of information couples (VHYBRID 

WIND - PV , IHYBRID WIND - PV ) is an exhibition boundary (target work), since the more 

noteworthy this number, the more prominent the time expecting to gather the info upsides of 

the SSA-WOA. Subsequently, the quantity of couples (VHYBRID WIND - PV , IHYBRID 

WIND - PV ) is both an enhancement variable and an exhibition boundary. As an outcome, 

2nos is the best arrangement as far as reaction time, and it is relied upon to be the most 

exceedingly terrible as far as precision in the GMPP assessment. As MPPT is a multimodal 

enhancement issue, it includes to manage a nonlinear capacity and, as it is notable, an SSA-
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WOA without covered up layer can't as expected location a nonlinear capacity [51]. Thus, the 

SSA-WOA needs something like one secret layer. A typical technique to measure the secret 

layer is to average the quantity of data sources and yields [52]. In this mSSA-WOAer, the 

base number of neurons in the secret layer is picked nos + 1 (by gathering together). By 

considering the base number of SSA-WOA's bits of feedbacks and one secret layer, the base 

number of neural connections mns is given by The exhibition of the proposed whole 

technique is relied upon to upgrade by expanding the quantity of info couples (VHYBRID 

WIND - PV , IHYBRID WIND - PV ) and could likewise improve by expanding the size and 

the quantity of covered up layers, including the need on more computational assets. 

Henceforth, the quantity of neurotransmitters is likewise picked as execution boundary (target 

work), subsequently mns can be considered as the best arrangement according to the 

computational weight perspective, yet it is presumably the most exceedingly awful as far as 

MPPT strategy exactness as it could give the least PQI1. By tuning the advancement 

boundaries, that are the quantity of information couples (VHYBRID WIND - PV , IHYBRID 

WIND - PV ), the size and the quantity of covered up layers, a bend can be completed for 

every exhibition boundary, that are the PQIs, the quantity of neural connections just as the 

quantity of (VHYBRID WIND - PV , IHYBRID WIND - PV ) couples. At the point when the 

bend identified with a particular PQI is  

 
Figure 8: OVER ALL DIAGRAMATIC IMPLEMENTION OF HYBRID WIND - PV  

SYSTEM  WITH SSA-WOA BASED CONTROLLER  
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8. SIMULATION RESULTS 

 
Figure 9: SIMULATION MODEL OF OUR SYSTEM 

 

9. Result & Discussion 

The HYBRID WIND - PV  system with an SSA-WOA controller based on MPPT has been 

implemented in the Matlab/Simulink software package, as shown in Figure 12. The Simulink 

model of the HYBRID WIND - PV  module is developed according to the mathematical 

Equations (1)–(5). The BPSX 150S HYBRID WIND - PV  module has been used which 

consists of 72 multi-crystalline silicon solar turbine, and its characteristics are shown in 

Table 1. The Simulink model of the boost converter and SSA-WOA controller are shown in 

Figures 6 and 7, respectively. The values of inductance and capacitor of the boost converter 

are 8 mH and 2200 µF respectively, whilst the output load value is 20 ohm. Inventions 2019, 

4, x 6 of 12 Figure 11. Block diagram of the hybrid Wind - PV  system with an SSA-WOA 

controller based on mppt. 6. simulation results the hybrid Wind - PV  system with an SSA-

WOA controller based on MPPT has been implemented in the Matlab/Simulink software 

package, as shown in Figure 5.  

 

The Simulink model of the hybrid Wind - PV  module is developed according to the 

mathematical equations (1–5). the bpsx 150s hybrid Wind - PV  module has been used which 

consists of 72 multi-crystalline silicon solar turbine, and its characteristics are shown in 

Table 1. The Simulink model of the boost converter and SSA-WOA controller are shown in 

Figures 6 and 7, respectively. The values of induc 
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Table 1: Parameters of HYBRID WIND - PV  module 

The effectiveness of the proposed SSA-WOA searching method has been evaluated by 

considering a hybrid Wind - PV  array consisting of two strings of three series (nos = 3) 

connected modules (2 � 3). This configuration could be installed on the roof of an electrical 

vehicle. The technical specifications of HYBRID WIND - PV  modules under standard test 

conditions are reported in Table 1. Without loss of generality, the shading phenomenon on a 

HYBRID WIND - PV  module is modeled in Matlab by considering on it an uniform lower 

speed with respect to unshaded modules. In order to evaluate the performances of the SSA-

WOA based MPPT method, different SSA-WOA structures have been investigated. In 

particular, Table 2 reports the variation ranges related to the number of input P–V couples, 

the number of hidden layers and neurons in the first hidden layer (HL1); hence 216 SSA-

WOA structures have been investigated (exhaustive search). The number of neurons in the 

hidden layers following the first one is chosen equal to half of neurons number in the previous 

one (by rounding up). 

 
Figure 10: output power comparison 

 

State of charge (SOC), current and voltage of multilayer neural network solar MPPT drive 

lead-acid battery  
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Figure 11:  Power VS speed VS velocity VS mechanical power 

 
Figure 12: Comparison of state of charge of multi-layer neural network, perturb and observe 

and incremental inductance solar MPPT driven battery 



                                              An Innovative Hybrid SSSA-WOA.... Valarmathi murugesan et al. 2906 
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

 
Figure 13: 9.Simuation results of power generation of Hybrid system 

 
Figure 14: Power error between MPPT 

 
Table 4: Best and worst PQIs values provided by the entire MPPT method or by considering 

only the SSA-WOA 

  

Around ten quantities of 12 V batteries are sequentially associated to obtain a yield voltage of 

120 V. With the underlying power of 500 W, the board clusters keep up a normal of 800 W 

over the reenactment time. 

 

In spite of the fact that the adjustments in the HYBRID WIND - PV isolation and hybrid 

Wind - PV speed are just step variations that never occur in the down to earth because of the 

changing condition conditions. 

 

The scopes of significant worth are chosen to transform from the usable least and most 

extreme operational scopes of the HYBRID WIND - PV cluster and hybrid Wind - PV 

framework in order to approve the exhibition of the framework for these changes. 
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Additionally, for this situation, the framework is variable as it would show up in a continuous 

domain under the non stacking condition in order to quantify the operational exhibition of the 

force transformation and the battery frameworks for the adjustments in the power delivered 

by the HYBRID WIND - PV  and hybrid Wind - PV system. 

 
Figure20: Load power tracking 

The SZS converter output is shown in Fig. 19. When Vin = 200 V and duty cycle is 0.35, the 

voltages across C1 and C2 are 300 V, and the output is stepped up to 450 V. When the duty 

ratio changes to 0.4, the voltages at the output, C1 and C2 are 400 V, 350 V and 300 V, and 

it is noticed from that the output is increased to 300 V and the voltages across C1 and C2 are 

350 V and 300 V 

 

 Using the SSA-WOA controller, the SOC is balanced effectively and the power is found to 

be continuously flowing to and from the battery. Initially, the SOC is assumed at 70%. Based 

on the change in output of HYBRID WIND - PV  converter and PWM rectifier, the SOC 

will get varied. The controller maintains the constant voltage at the PCC within the time 

period of 0.2ecs and the battery settles at this voltage. Thus, the controller shows the 

exturbineent tracking and learning ability. It is understood that an efficient energy 

management has been acquired by which a stable PCC voltage is maintained irrespective of 

change in source variations. 

 

10. Conclusion 

In this work a multi-source energy system for hybrid wind/solar energy and battery have 

been presented. Dynamic modeling and simulations of the hybrid system is proposed using 

SIMULINK. A hybrid energy system and its supervisory-control system was developed and 

tested. Load demand is met from the combination of PV array, wind turbine and the battery. 

A three-level inverter is used to convert output from solar and wind systems into AC power 

output. Circuit Breaker is used to connect and disconnect an additional load in the given 

time. This hybrid system is controlled to give maximum output power under all operating 

conditions to meet the load. Either wind or solar system is supported by the battery to meet 

the load. Also, simultaneous operation of wind and solar system is supported by battery for 
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the same load. These results show the efficiency of the management and the controls used 

for this hybrid system and can be implemented for example, on the top of electrical vehicles. 

In future works, test trial of the proposed MPPT could feature which equipment 

arrangements are more reasonable likewise considering the conservative speculation 

perspective. Specifically, the compromise among execution expenses and energy misfortunes 

could be examined. 
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