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Abstract- Microgrids are become increasingly prevalent in the near future because it serves a crucial purpose in incorporating 

Distributed Renewable Energy Resources (DRES) into the main grid. Because green power sources including Photovoltaic (PV) 

energy are weather sensitive, they are inclined to be exceedingly fluctuating. These resources, when combined with demand, 

might cause unsystematic disparities on both load and generation sides, necessitating the implementation of an efficient control 

strategy to ensure a consistent power supply to grid. Consequently, this research proposes a robust optimized Maximum Power 

Point Tracking (MPPT) based control approach with dc to dc converter for delivering the high stability with constant power 

supply to the microgrid. At the PV side, a Coupled Inductor Switched Z-Source Boost (CISZB) converter is deployed to assure 

constant current functioning via mode of microgrid linked inverter. The incorporation of Artificial Intelligence (AI) control 

methods for effective energy extraction improves the effectiveness of solar energy systems. As a result, a Grasshopper 

Optimisation Algorithm-based Radial Basis Function Neural Network (GOA-RBFNN) MPPT is presented to successfully extract 

the MPP in a PV array. Furthermore, this MPPT controller forecasts the duty factor of a CISZSB converter for the purpose of 

attaining the maximum power point. MATLAB/SIMULINK platform is utilized to simulate microgrid connected PV systems 

and functionality of the proposed system is determined with regard to MPP efficiency, and current Total Harmonic Distortion 

(THD). 

Keywords- PV system microgrid, CISZB converter, GOA tuned RBFNN based MPPT, THD. 

1. Introduction 

The advancement of RES for power production has 

become necessary due to rising demands for electrical power, 

the fast depletion of petroleum and coal, and the dangers of 

rising temperatures and climate change [1, 2]. RES that 

provide renewable power with no greenhouse gases include 

hydropower, wind, solar, and geothermal [3, 4]. The 
Microgrid is a notion that has emerged as a consequence of 

expanding customer demand, dispersed generation, and more 

incorporation of sources of clean energy. Because it lowers 

emissions, network traffic, and losses of energy while 

increasing power reliability, effectiveness, and system 

stability, microgrids are advantageous for electricity 

consumers and grid administrators [5, 6]. Microgrids are 

categorized into three types: AC microgrids, DC microgrids, 

and hybrid AC/DC microgrids. [7-9].Amid these, DC 
microgrids are becoming more and more popular than typical 

AC microgrids because of a number of benefits, including the 

elimination of reactive power management, islanded mode 
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synchronisation and frequency incompatibilities [10]. The DC 
Microgrids are divided into grid-connected and islanded 

modes based on their operational characteristics. 

PV power plant is one of the many types of RES that have 

experienced enormous expansion in the past few decades due 

to their accessibility and clean, emission-free energy output. 

The PV array output fluctuates over time and has small 

amplitude, therefore it is unable to transfer effectively to the 

grid-connected inverter [11-15]. Boost converters become 

necessary in order to control and increase the panel voltage 

[16, 17]. Consequently, as the effectiveness of the dc to dc 

converters greatly influences the system efficiency, 
appropriate converter has to be considered and 

implementation is essential. Due to fluctuating weather 

conditions, PV panels often have low generating voltages; 

therefore, converters are required to increase the voltage when 

connecting the solar array to a grid-linked inverter. Various 

converters, including the boost converter [18],Zeta converter 

[19], Cuk converter [20],SEPIC [21],buck boost converter 

[22], the switched Z source converter [23], bidirectional 

converter [24] and others, have been described as ways to 

enhance the DC-DC conversion process and achieve a 

regulated resultant voltage. While functioning at high duty 

cycles, converters like boost, Cukand buck-boost create 
substantial voltage gain along with elevated voltage stress 

across switches. MPPT operation of the CUK and SEPIC 

converters is hampered by the existence of significant input 

current ripples. However, a higher starting current, restricted 

voltage gain, increased voltage impact on components, 

discontinuous input, etc. are the main disadvantages of 

switched Z-source converter. This switched Z 

source network's shortcomings include high voltage stress, 

restricted boosting capability, and irregular current 

conduction. In an effort to address the issues listed above, this 

work develops the CISZSB converter, which offers high 
voltage gain with lower leakage reactance. 

In PV system generation of electricity, the optimum 

power extraction technique is a primary factor to improve 

inconsistent solar irradiation and shading efficacy. Overall, a 

large number of control strategies have been put out for grid-

coordinated photovoltaic systems [25, 26]. The widely utilised 

methods for MPPT in large and small PV applications are 

Perturb and Observe (P&O) and Incremental Conductance 

(InCond). Maintaining synchronisation, dependability, and 

overall system behaviour in a grid connection is a challenging 

problem [27, 28]. It has been proposed in [29] to use Fuzzy 

based MPPT to manage grid incorporated PV systems under 
fluctuating irradiance and load. PV energy generation has a 

higher efficiency than other sources; however it has a drift 

issue in unexpected weather. Hybrid Fuzzy approaches [30, 

31] are also used for the tracking of solar power, but lack 

adaptability to highly dynamic conditions, such as rapid 

fluctuations in solar irradiance and temperature, since fuzzy 

logic relies on predefined membership functions that may not 

always generalize well. By evaluating varying step size for 

solar PV systems that are partially shadowed, ANN-based 
MPPT approach has been presented in [32]. Despite having a 

quick MPP approximation based on ANN capability and the 

PV array's specifications, its efficiency is quite low. 

Consequently, in order to alleviate the aforementioned 

difficulties in a PV system, an effective control mechanism is 

needed. Thus, to extract greater power from the PV system, a 

reliable GOA-tuned RBFNN-MPPT has been developed in 

this research work.  

On the whole, conventional DC-DC converters suffer 

from limited voltage gain, which adversely impact efficiency 

and component reliability. Although these converters offer an 
alternative, they introduce issues like restricted boosting 

capability limiting their practical application. Furthermore, 

existing MPPT techniques face drawbacks such as tracking 

inaccuracies under rapidly changing irradiance, drift issues 

and poor adaptability to dynamic conditions. While hybrid 

Fuzzy approaches and ANN based MPPT methods have been 

explored, they exhibit tuning difficulties, computational 

complexity and inconsistent performance in varying shading 

scenarios. Moreover, maintaining grid synchronization, 

reliability and stability remains a challenge in PV-integrated 

microgrids. To bridge these gaps, there is a need for an 

optimized control strategy that enhances MPPT efficiency, 
ensures stable grid coordination and overcomes the limitations 

of traditional DC-DC converters. 

To address the identified research gaps, this work 

proposes a robust GOA tuned RBFNN based MPPT integrated 

with a CISZSB converter for enhanced performance in PV 

based microgrid applications. The CISZSB converter is 

designed to effectively boost the PV generated DC voltage to 

the required level at the Point of Common Coupling while 

overcoming issues of limited boosting capability found in 

conventional converters. The GOA tuned RBFNN MPPT 

controller ensures fast and accurate tracking of the MPP, even 
under rapidly fluctuating irradiance and partial shading 

conditions compared to traditional MPPT techniques. By 

optimizing the energy extraction process and improving 

voltage stability, the proposed system significantly enhances 

efficiency and minimizes THD in grid-connected PV 

applications.  

The work is designed as follows: section II deals with the 

explanation of proposed system, and section III analyses the 

modelling of proposed work. Section IV presents findings and 

evaluation of proposed work, with Section V offering 

conclusion. 

2. Proposed System Description  

Fig. 1 presents a visual illustration of the proposed control 

framework, it consists of PV panel connected to a CISZSB 

converter via a GOA adjusted RBFNN-based MPPT 

controller. At the output, a VSI and a synchronised single 

phase grid are linked. 
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Fig. 1. PV based microgrid system using CISZSB converter with optimized MPPT. 

The proposed system utilizes PV technology as a power 

generation source. To ensure that the output voltage meets 

operational requirements, a DC-DC converter is used to 

elevate PV voltage to a suitable level. A CISZSB converter is 

implemented for this purpose, offering both step-up and step-

down functionalities. This converter demonstrates a wide 

range of output voltage, high reliability, and minimal inrush 

and fluctuation currents, making it an effective choice for 

application. To achieve MPPT, a GOA-assisted RBFNN is 

utilized. This strategy not only optimizes the power extraction 
from PV system but also enhances the performance of 

CISZSB converter. Converter’s DC output is fed into a single-

phase VSI, which converts DC voltage into AC voltage. PI 

controller is employed to ensure precise signal evaluation, 

using a reference input to minimize steady-state errors and 

prevent voltage fluctuations. Finally, inverter output is 

synchronized with grid, delivering high-quality power that 

meets grid standards. This system design ensures efficient 

power conversion, reliable performance, and integration with 

the electrical grid. 

3. Proposed System Modelling 

3.1. PV Modelling  

PV systems are used extensively in generation of 

electricity. PV system is a semiconductor diode, which 

operates as the primary component and is exposed to solar 

radiation. When sunlight strikes the system, only a fraction of 

photons, each carrying varying levels of energy, interact with 

p-n junction. Photons with energy levels exceeding the 

material's band gap contribute energy equivalent to the band 

gap, while surplus energy is dissipated as heat. A schematic 

representation of the PV system is provided in Fig.2. 

 

Fig. 2. PV equivalent circuit. 

Where𝑅𝑠 and 𝑅𝑝 stand for the PV system's series and 

parallel resistances, correspondingly. To simplify the process, 

𝑅𝑝 and 𝑅𝑠  are removed because their values are too high and 

too low, respectively. 

The following is a calculation of the PV solar system's V-

I characteristic equation: PV system's photocurrent is provided 

by, 

Ipc = [Isi + Ki(T − To)] ∗
G

1000
                (1) 

Where 𝐼𝑝𝑐- Photo current, 𝑇 is temperature in Kelvin,𝐾𝑖 is 

indicated by short circuit coefficient, 𝑇𝑜 is reference 

temperature and 𝐺 is solar irradiation. 

PV arrays are typically joined in sets namely PV modules, 

and in a PV system, these are coupled in series or parallel to 

form PV arrays. The reverse saturation current of the module 

is provided by, 

𝐼𝑟 =
𝐼𝑠𝑖

[𝑒𝑥𝑝(
𝑞𝑉𝑜 

𝑁𝑠𝐾𝑛𝑇
)−1]

                                 (2) 

Where, 𝐼𝑟- Reverse saturation current (𝐴), 𝐼𝑠𝑖- Short 

circuit current (𝐴), 𝑞is represents electron charge, 𝑉𝑜is 

indicated byoutput voltage, 𝑁𝑠 is indicated by total count of 

PV cell connected in series, 𝐾- Boltzmann constant, 𝑛- 

Ideality factor of the diode and 𝑇- Operating temperature. 

The PV module's current output is provided by, 

𝐼𝑃𝑉 = 𝑁𝑝 ∗ 𝐼𝑝𝑐 − 𝑁𝑝 ∗ 𝐼𝑠 ∗ [𝑒𝑥𝑝 (

𝑉𝑃𝑉
𝑁𝑠

+𝐼𝑃𝑉∗
𝑅𝑠
𝑁𝑝

𝑛∗𝑉𝑡ℎ
) − 1] − 𝐼𝑝(3) 

The CISZSB converter receives the output voltage from 
the PV system and further enhances the dc output voltage. 

3.2. CISZSB Converter Modelling  

The proposed converter employs a capacitor switch 

(𝐶2,𝐷2) in conjunction with capacitor division (𝐶1,𝐷1) in a 

conventional Z-source converter to generate a switched 

capacitor cell (𝐶1,𝐶2, 𝐷1,𝐷2). With this configuration, the 

proposed converter obtains a higher voltage gain with less 

leakage reactance while conducting a continuous current. 

To observe SZS converter's steady-state behaviour, the 

following two scenarios are proposed. 
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1. The parasitic impacts of switch, load resistance, diodes, 
capacitor and inductor are excluded on the assumption 

that the conditions are optimal. 

2. In the Z-source converter, let 𝐿1 =  𝐿2 =  𝐿and𝐶1 =
 𝐶3 =  𝐶, whereas in switched-capacitor cell, let 𝐶1 =
 𝐶2 =  𝐶3, making𝐶1 =  𝐶2 =  𝐶3 =  𝐶. 

Two stages of operation are conceivable when proposed 

converter is operating in Continuous Current Mode (CCM), as 

presented in Fig. 3 (a) and (b). 

 

Fig. 3. Proposed CISZSB converter. 

 

(a) 

 

(b) 

Fig. 4. (a) Stage I (b) Stage II. 

a) Stage I: 

Diodes 𝐷1 and 𝐷2 are opened when 𝑆 is closed because 

they are connected antiparallel to capacitor. 𝑉𝑖 and 𝐶3 charge 

an inductance𝐿1, and 𝐿2 is charged by 𝑉𝑖and 𝐶1.𝑉𝑖, 𝐶1 and 𝐶2 

are linked in series, so switch 𝑆 supplies power to load. 

Applying KVL, the following formulas are derived: 

𝑉𝐿1 = 𝑉𝐶3 + 𝑉𝑖 , 𝑉𝐿2 = 𝑉𝐶1 + 𝑉𝑖   𝑎𝑛𝑑  𝑉0 = 𝑉𝐶1, 𝑉𝐶2 + 𝑉𝑖  (4) 

Capacitances 𝐶1 and 𝐶3 are energised through𝐿1, 𝐿2and 

𝐶2is energised since𝐿1and𝑉𝑖  are serieswith𝐿2. The current 

passes via load through capacitor 𝐶𝑜 when 𝑆 is released, 𝐷1 

and 𝐷2 remain closed, and 𝐷𝑜 is in an inverted blocking 

condition. The steady-state calculations that follow are𝑉𝑖 =
 𝑉𝐿1 −  𝑉𝐶3 +  𝑉𝐶2, 𝑉𝐿2 +  𝑉𝐶3 =  0, and𝑉𝐿1 + 𝑉𝐶1 =

 0. The normal voltage throughout the inductance in the 
constant state is "0," per the volt-time balancing criteria of the 

inductance. 𝐷 =  𝑇𝑜𝑛/𝑇𝑠, where 𝑇𝑜𝑛 is the switch S's 

conduction duration and 𝑇𝑠 is total switching time, is the 

formula for the duty percentage of a switch. Consequently, 

𝑉𝐶1 = 𝑉𝐶3 =
𝐷

1−2𝐷
𝑉𝑖                 (5) 

𝑉𝐶2 = 𝑉𝑖 + 𝑉𝐶1 + 𝑉𝐶3 =
2−𝐷

1−2𝐷
𝑉𝑖          (6) 

The output voltage 𝑉0 is able to be obtained as a function 

of (5) and (6), 

𝑉0 = 𝑉𝑖 + 𝑉𝐶1 + 𝑉𝐶3 =
2−𝐷

1−2𝐷
𝑉𝑖   (7) 

Voltage gain (G) of CISZSB converter is calculated as 
follows: 

𝐺 =
𝑉0

𝑉𝑖
=

2−𝐷

1−2𝐷
                    (8) 

b) Stage II: 

Similarly, when 𝑆 is switched off in mode II, 𝐷1 and 𝐷2 

open, allowing 𝑉𝑖 and 𝐶3 to charge𝐿1,𝑉𝑖 and 𝐶1 to charge𝐿2. 

To supply current for the load in the interim, 𝐶1 and 𝐶2are 

connected in series with 𝑉𝑖and𝐶3. By using KVL, the formulas 

that follow are able to derive. The formulas are as follows: 

𝑉𝐿1 =  𝑉𝑖 +  𝑉𝐶3, 𝑉𝐿2 =  𝑉𝑖 +  𝑉𝐶1,and𝑉0 =  𝑉𝑖 +
 𝑉𝐶1 +  𝑉𝐶2 +  𝑉𝐶3. 𝐿1 charges 𝐶1 and 𝐶2 in identical, 𝐿2 

charges 𝐶3 and capacitor Co powers load when S is shut off. 

𝐷1and𝐷2are also activated. Diode 𝐷𝑜 is blocking the inductor 

as well. For this reason,𝑉𝐿1 +  𝑉𝐶1 =  0, 𝑉𝐿1 +  𝑉𝐶2 =
 0, and 𝑉𝐿2 +  𝑉𝐶3 =  0. 

The subsequent formulas are derived employing the volt 

time equilibrium state of inductances 𝐿1and𝐿2: 

𝑉𝐶1 = 𝑉𝐶2 = 𝑉𝐶3 =
𝐷

1−2𝐷
𝑉𝑖          (9) 

𝑉0 = 𝑉𝑖 + 𝑉𝐶1 + 𝑉𝐶2 + 𝑉𝐶3 =
1+𝐷

1−2𝐷
𝑉𝑖      (10) 

The resultant voltage gain is, 

𝐺 =
𝑉0

𝑉𝑖
=

1+𝐷

1−2𝐷
                                        (11) 

In comparison to traditional DC-DC converters, the 
proposed CISZSB converter delivers superior outcomes and 

has many other benefits, such as a wider range of DC output 

voltage, excellent dependability and lower ripple currents. 

3.3. GOA-RBFNN Based MPPT 

The GOA tuned RBFNN-MPPT is adopted in this 

research to optimize power output from the PV panel. In 

addition, it is also used to enhance the efficiency of proposed 

CISZSB converter. The proposed MPPT controller is 

explained in depth in the section that follows. 

3.4. RBFNN Based MPPT Controller 

A cutting-edge and effective way to monitor a PV array's 

MPP is through the use of RBFNN method. With a benefit 
across the frequently employed multi-layer perceptron (MLP) 

network approach, which is created as a unification 
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determining nonlinear function of the scalar product of the 
input and weight vectors, RBFNN is possibly identified as a 

fitting curves task carried out in a multiple dimensions search 

domain. As a result, finding the surface that provides the 

greatest match to the training data in a multi-dimensional 

search space provides training challenge for constructed 

model. 

As seen in Fig. 5, RBFNN is a three-layer network 

consisting of input, hidden, and output layers. The 

multidimensional vector M of PV array current (𝐼𝑦𝑝𝑣), 

irradiance (𝐼𝑟𝑦), and temperature (𝑇𝑦) makes up the input layer 

in the present study. The duty cycle (𝐷𝑦) is sole variable that 

has output layer N. The middle hidden layer conducts 

nonlinear change of input and has x radial basis functions 

(RBF) 𝜑𝑘 ( 𝑘 =  1, 2, . . . , 𝑥). 

 

Fig. 5. RBFNN based MPPT. 

The activation function is Gaussian function and the 

resultant layer establishes an additional space by mapping 

nonlinear properties using a linear combiner. For a dataset 

with 𝑛 input variables, there are 𝑛 hidden layers, one for every 

duty cycle value. Thus, (12) and (13) accomplish the input, 

output, and hidden layers. 

𝑀𝑦 = [

𝐼𝑟𝑦

𝑇𝑦

𝐼𝑦𝑝𝑣

]  𝑎𝑛𝑑 𝑁𝑦 = 𝐷𝑦 (𝑦 = 1,2,3 … . , 𝑛)    (12) 

𝜑 = (

𝜑1
1 𝜑2

1 𝜑𝑥
1

𝜑1
2 𝜑2

2 𝜑𝑥
2

𝜑1
𝑛 𝜑2

𝑛 𝜑𝑥
𝑛

)                      (13) 

At some point the nonlinear distribution is carried out by 

the function𝜑𝑘(𝑀𝑦). The frequently utilised Gaussian 

function, denoted by (14), is the formula used, where 𝐶𝑘 

indicates the 𝜑𝑘centre with the identical dimension as is 𝑀𝑦 

and 𝑟 is a scalar parameter that indicates the width of the RBF. 

𝜑𝑘(𝑀𝑦) = 𝑒𝑥𝑝 (
‖𝑀𝑦−𝐶𝑘‖

𝑟2
)

2

                  (14) 

As stated by (10), the output layer (𝑁𝑙
𝑦

) in the PV array 

implementation is a continuously weighted total of the biases 

(𝑏𝑘) and weighting factors (𝑤𝑘𝑙) of RBFs. 

𝑁𝑙
𝑦

= ∑ 𝑤𝑘𝑙𝜑𝑘(𝑀𝑦) +𝑛
𝑘=1 𝑏𝑘     (15) 

This Gaussian function strategy gets around large 

computing demands and statistical difficulty by ensuring that 

the distribution of input parameters is linear to hidden layer. 

With a spread factor of 1, an orthogonal least squares 

technique is used to train RBFNN controller. For function 
fitting, Gaussian neurons are controlled by spread factor value. 

The function becomes better if spread constant is large; 

however, an excessive value might demand more neurons to 

fit the rapidly changing function, whilst a tiny spread may 

cause overfitting. Thus, it ought to be handled with 

cautiousness. 

3.5. Grasshopper Optimization Algorithm 

The GOA models the way insects in the wild forage for 

food in an effort to identify the best solutions to challenging 

mathematical and even practical challenges. 

𝑋𝑖 = 𝑆𝑖 + 𝐺𝑖 + 𝐴𝑖                        (16) 

The insects path of flight naturally served as the model for 

this technique: 𝑋𝑖 represents the grasshopper's position, 

𝑆𝑖represents social interaction, 𝐺𝑖denotes gravitational pull 

acting on it, and 𝐴𝑖denotes horizontal force acting on the 

grasshopper's direction of motion. Given that the GOA's 

primary search method is social interaction, which is 

examined by: 

𝑆𝑖 = ∑ 𝑠(𝑑𝑖𝑗)𝑁
𝑗=1,𝑗≠𝑖 𝑑̂𝑖𝑗                  (17) 

The amount of space between the 𝑖𝑡ℎ and 𝑗𝑡ℎ 

grasshopper, 𝑑𝑖𝑗  is determined in reference to (16) by using 

the formula 𝑑𝑖𝑗 = |𝑥𝑗 − 𝑥𝑖|. Furthermore, 𝑑̂𝑖𝑗is a unique 

vector that connects the ith grasshopper to the jth grasshopper 

and It is possible to computed as follows: 𝑑̂𝑖𝑗 =
𝑥𝑗−𝑥𝑖

𝑑𝑖𝑗
. 

The path of the locust in the congested is stated as follows, 

assuming the apparent position of the primary component S in 

Eq. (16): 

𝑠(𝑟) = 𝑓𝑒
−𝑟

𝑙 − 𝑒−𝑟                     (18) 

Eqs. (19) and (20) yield the elements 𝐺𝑎𝑛𝑑𝐴 that stand 

for the locust's gravity force and the wind's horizontal force, 

as follows: 

𝐺𝑖 = −𝑔𝑒̂𝑔                           (19) 

In Eq. (19), 𝑔 represents the gravitational constant, while 

𝑒𝑔 ̂denotes a single vector pointing towards the Earth's centre. 

𝐴𝑖 = 𝑢𝑒̂𝑤                                   (20) 

Where 𝑒𝑤 ̂is a single vector in the path of the breeze and 

𝑢 is the drifted variable. 

Mathematically, the locust optimisation algorithm 

appears as follows: 

𝑋𝑖
𝑑 = 𝑐(∑ 𝑐

𝑢𝑏𝑑−𝑙𝑏𝑑

𝑠
𝑠(|𝑥𝑗

𝑑 − 𝑥𝑖
𝑑|)𝑁

𝑗=1,𝑗≠𝑖

𝑥𝑗−𝑥𝑖

𝑑𝑖𝑗
+ 𝑇̂𝑑   (21) 

Where optimal solution is represented by𝑇̂𝑑 , 𝑐is the 

subtracting factor to lessen the ease of use, attraction, and 

gravitational areas, and 𝑢𝑏𝑑𝑎𝑛𝑑𝑙𝑏𝑑are the upper and lower 

limits of 𝑑, correspondingly. 

In Eq. (21), 𝑠(|𝑥𝑗𝑑 − 𝑥𝑖𝑑|) specifies whether a 

grasshopper ought to be incorporated into or rejected from the 

target.
𝑢𝑏𝑑−𝑙𝑏𝑑

𝑠
is an equation that progressively minimises the 
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space that grasshoppers require for exploration and 
exploitation. The GOA's controller, variable c, is calculated as 

follows: 

𝑐 = 𝑐𝑚𝑎𝑥 − 𝑙
𝑐𝑚𝑎𝑥−𝑐𝑚𝑖𝑛

𝐿
                  (22) 

The minimum and maximum values of 𝑐 are denoted by 

symbols𝑐𝑚𝑎𝑥𝑎𝑛𝑑𝑐𝑚𝑖𝑛, respectively, in Eq. (22). 

3.6. Single Phase VSI (Voltage Source Inverter) 

The output of the CISZSB converter is received by the 

single phase VSI, which then transform a fixed voltage from 

a system like a DC power supply to an evolving frequency AC 

supply. Fig.6 shows circuit schematic for VSI that is 

connected to the grid. 

 

Fig. 6. Single phase VSI. 

The PWM generator produces pulses needed for VSI, and 

inverter is made up of switches𝑇1 , 𝑇2 , , 𝑇3 , , and 𝑇4, . Grid 

synchronisation involves analogization of reference and actual 

powers using a PI controller. The inverter provides grid with 

higher-quality power at acceptable variances in voltage, 

frequency, and phase angle because of synchronisation. 

Consequently, output in the single phase grid is of a superior 

integrated voltage. 

 

4. Results and Discussion 

An efficient GOA adapted RBFNN-based MPPT with 

CISZSB converter for improving the reliability of PV-based 

microgrid applications is proposed in this work. The CISZSB 

converter's aim is to boost the PV DC voltage to the identical 

level of DC voltage at the PCC. The proposed MPPT 

controller approach efficiently tracks maximum power from 

PV panel. The system has been verified with MATLAB 

software, and excellent outcomes are obtained, the Table 1 

represents parameter specifications of proposed work. 

Table 1. Description of parameters 

Parameter Specification 

PV System 

𝑆ℎ𝑜𝑟𝑡 𝐶𝑖𝑟𝑐𝑢𝑖𝑡 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 8.33𝐴 

𝑆𝑒𝑟𝑖𝑒𝑠 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑠𝑜𝑙𝑎𝑟 𝑃𝑉 𝑐𝑒𝑙𝑙𝑠 36 

𝑃𝑒𝑎𝑘 𝑃𝑜𝑤𝑒𝑟 10𝐾𝑊, 10 Panels 

𝑂𝑝𝑒𝑛 𝐶𝑖𝑟𝑐𝑢𝑖𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 12𝑉 

𝐶𝑜𝑢𝑝𝑙𝑒𝑑 𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟 𝐼𝑛𝑡𝑒𝑟𝑙𝑒𝑎𝑣𝑒𝑑 𝑆𝐸𝑃𝐼𝐶 𝐶𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟 

𝑊𝑖𝑛𝑑𝑖𝑛𝑔 1 𝑆𝑒𝑙𝑓 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒 

𝐿1(𝐻) 1.1 𝑚𝐻 

𝑅1(𝑜ℎ𝑚) 1.1 

Winding 2 Self Impedance 

𝐿2(𝐻) 1.1 𝑚𝐻 

𝑅2(𝑜ℎ𝑚) 1.1 

𝐶1, 𝐶2, 𝐶3 22𝜇𝐹 

𝐶𝑜 2200𝜇𝐹 

Case 1: At Variation of Temperature and Intensity 

The computed waveforms for PV factors such 

temperature, voltage, irradiance and current are shown in Fig. 

7. The temperature goes up from 25°C to 35°C in 0.3s, 

whereas the radiation from PV increases from 800W/m2 to 

1000W/m2 in the same duration of time. An output that is 
controlled to 58 V and 70 A is determined after 0.3 seconds. 

 

Fig. 7. PV panel parameters at variation case. 
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Fig. 8. CISZSB converter output. 

The proposed coupled inductor switched Z source boost 

converter resultant current and voltage waveforms are 

depicted in Fig.7. From observation is it clear that, the stable 

voltage of 320V is obtained with minor distortions, likewise, 

current remains constant at 20 Amps after 0.3 seconds. A PI 

controller, which generates a controlled output to assist 

eliminate distortions, regulates the output of the inverter.Fig.8 

displays the output waveforms of the grid parameters, which 

include voltage, current, real, and reactive parameters. The 

waveform unambiguously demonstrates that while reactive 

power is zero, the real power first increases and dips before 

stabilising at a constant value. Similarly, the constant voltage 

230V and 20 Amps currents are maintained respectively as 

seen Fig.9. 

 

Fig. 9. Output waveforms of grid parameters. 

Case 2: At Constant Temperature and Intensity 

PV system's voltage, current, temperature, and irradiance 

are shown in Fig.10.  A constant temperature of 35°C and an 

irradiation value of 1000 W/Sqare noticed. Similarly, a steady 

voltage of 58V is reached, and it took 0.3 seconds for the 

current to maintain a 70 Amps level. 
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Fig. 10. PV panel parameters at constant case. 

 

Fig. 11. Output voltage and current waveforms of CISZSB converter. 

Fig.11 represents the proposed CISZSB output under case 

2 condition. It is evident that a steady voltage of 320V is 

achieved with minimal aberrations, and after 0.3 seconds, the 

current is fixed at 20 Amps. 
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Fig. 12. Output waveforms of grid parameters. 

Fig. 12 displays the resulting waveforms of the grid 

variables, comprising voltage, current, real, and reactive 

parameters. The waveform clearly shows that actual power 

first rises and falls before settling at an unchanged value, 

whereas reactive power is zero. As observed in Fig.12, 

constant voltage of 230V and current of 20 Amps were also 

maintained. 

 

Fig. 13. THD waveform. 

Total harmonic distortion (THD) has been significantly 

decreased in the proposed work; its value is stated as 2.35%, 

and Fig. 13 shows the depiction of THD. 

Converters Efficiency 

 

𝐵𝑜𝑜𝑠𝑡 80% [33] 

𝐶𝑢𝑘 85 %[34] 

𝑆𝐸𝑃𝐼𝐶 88.82% [35] 

𝑍 − 𝑠𝑜𝑢𝑟𝑐𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟 93.5 %[36] 

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟 94.7 

Fig. 14. Comparison of efficiency. 

MPPT Tracking Efficiency 

 

P&𝑂 [37] 90.5% 

INC [38] 96% 

Fuzzy [39] 97.79% 

GOA-RBFNN based 

MPPT 
98.1 % 

Fig. 15. Comparison of tracking efficiency. 
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Converters THD (%) 

 

Boost 4.45 

Cuk 4.12 

SEPIC 3.87 

Z-source converter 3.25 

Proposed converter 2.35 

Fig. 16. Comparison of THD. 

The graphical representations of MPPT controller and 

converter efficiency are presented in Fig. 14 and 15. 

Considering an improved efficiency value of 94.7%, the 

proposed CISZSB converter functions significantly better 

than the traditional converters listed in [33], [34], [35] and 

[36]. The GOA-RBFNN controller has 98.1% efficiency, 

which is comparable to how MPPT efficiency has been 

increased. Compared to the controllers' efficiency numbers 
stated in [37], [38] and [39], this efficiency is noticeably 

higher.  The THD graphic representation of the proposed work 

is presented in Fig.16, demonstrating that system has a 

minimised THD value of 2.35%. 

Table 2. Comparison of computational complexity 

MPPT 

algorithm 

Computational 

complexity 
Significance 

PSO-ANN 𝑂(𝑁 × 𝑑 × 𝐿 × 𝐼) Higher complexity 

PSO-RBFNN 𝑂(𝑁 × 𝑑 × 𝑀) 

Moderate 

complexity, slower 

convergence 

GOA-ANN 𝑂(𝑁 × 𝑑 × 𝐿 × 𝐼) 
Higher complexity, 

better performance 

GOA-

RBFNN 
𝑂(𝑁 × 𝑑 × 𝑀) 

Balanced 

computational cost 

and faster 
convergence 

Table 2 represents the comparison of computational 

complexity of the GOA-RBFNN with other related MPPT 

algorithms like Particle Swarm Optimization (PSO). Here, 𝑁-

number of particles/grasshoppers, 𝑑-dimensionality of search 

space, 𝐿 -number of ANN layers, 𝐼 -number of iterations, 𝑀 -

number of RBF neurons. The comparative analysis indicates 

that GOA-RBFNN exhibits balanced characteristics between 

computational cost and convergence. GOA dynamically 

modifies its search behavior, in contrast to conventional 

metaheuristic algorithms, enabling quick initial convergence 
through extensive exploration while progressively improving 

solutions for increased accuracy. This flexibility guarantees 

that GOA identifies the ideal power point quickly while 

remaining resilient against local optima, even under changing 

circumstances. By using the social interaction coefficient to 

balance exploration and exploitation, GOA improves stability 

and efficiency over the long run. 

5. Conclusion 

This paper proposes a reliable, optimised MPPT-based 

control strategy with a converter to provide microgrid with a 

high level of stability and a steady power supply. Utilising a 

grid-linked inverter mode, a CISZB converter is installed at 

the PV side to ensure stable current functioning. Solar energy 

systems are more effective when AI control techniques are 

used for efficient energy extraction. Consequently, an MPPT 
that is based on GOA-RBFNN is demonstrated to effectively 

track the MPP in a PV array. In addition, this MPPT controller 

predicts a CISZSB converter's duty factor in order to achieve 

the MPP. The proposed system's performance and microgrid-

connected PV installations are simulated using the 

MATLAB/SIMULINK platform. Finally, excellent results are 

produced for power management, which has a 92% increased 

efficiency, 98.1% tracking efficiency, and a 2.35% total 

harmonic distortion (THD) value, respectively. The proposed 

work can be extended in future with the inclusion of hybrid 

renewable energy sources enhancing its versatility. 
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